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As the fourth leading cause of death and a leading cause 
of long-term disability, stroke causes a substantial bur-

den of mortality and morbidity in the United States.1 Stroke 

is a heterogeneous disease consisting of multiple subtypes, 
each with unique pathogeneses2 and risk factors.3 Familial 
aggregation studies suggest that stroke has a substantial 

Background and Purpose—The majority of genome-wide association studies (GWAS) of stroke have focused on European-
ancestry populations; however, none has been conducted in African Americans, despite the disproportionately high 
burden of stroke in this population. The Consortium of Minority Population Genome-Wide Association Studies of Stroke 
(COMPASS) was established to identify stroke susceptibility loci in minority populations.

Methods—Using METAL, we conducted meta-analyses of GWAS in 14 746 African Americans (1365 ischemic and 1592 total 
stroke cases) from COMPASS, and tested genetic variants with P<10−6 for validation in METASTROKE, a consortium 
of ischemic stroke genetic studies in European-ancestry populations. We also evaluated stroke loci previously identified 
in European-ancestry populations.

Results—The 15q21.3 locus linked with lipid levels and hypertension was associated with total stroke (rs4471613; P=3.9×10−8) in 
African Americans. Nominal associations (P<10−6) for total or ischemic stroke were observed for 18 variants in or near genes 
implicated in cell cycle/mRNA presplicing (PTPRG, CDC5L), platelet function (HPS4), blood–brain barrier permeability 
(CLDN17), immune response (ELTD1, WDFY4, and IL1F10-IL1RN), and histone modification (HDAC9). Two of these loci 
achieved nominal significance in METASTROKE: 5q35.2 (P=0.03), and 1p31.1 (P=0.018). Four of 7 previously reported ischemic 
stroke loci (PITX2, HDAC9, CDKN2A/CDKN2B, and ZFHX3) were nominally associated (P<0.05) with stroke in COMPASS.

Conclusions—We identified a novel genetic variant associated with total stroke in African Americans and found that ischemic 
stroke loci identified in European-ancestry populations may also be relevant for African Americans. Our findings support 
investigation of diverse populations to identify and characterize genetic risk factors, and the importance of shared genetic 
risk across populations.   (Stroke. 2015;46:2063-2068. DOI: 10.1161/STROKEAHA.115.009044.)
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genetic component.4,5 Recent genome-wide association stud-
ies (GWAS), conducted almost exclusively in individuals 
of European ancestry, have identified stroke susceptibility 
loci on chromosomes 4q25,6 7p21.1,7 6p21,8 9p21,6 11q22,9 
12p13,10 12q24,11 and 16q22.12 However, stroke incidence and 
mortality in African Americans are both nearly twice that in 
European-Americans.13,14 Moreover, African Americans have 
strokes at younger ages on average, and more frequently 
endure poststroke disability.13

Using data obtained from the newly formed Consortium 
of Minority Population Genome-Wide Association Studies of 
Stroke (COMPASS), we conducted the first discovery GWAS 
meta-analysis of stroke in African Americans, validated our 
findings in the large METASTROKE consortium of ischemic 
stroke genetic studies in European-ancestry populations,12 and 
determined if GWAS findings robustly associated with isch-
emic stroke in European-ancestry populations were also asso-
ciated with stroke in African Americans.

Methods
Study Population
African American individuals with physician-adjudicated stroke and 
genome-wide single nucleotide polymorphism (SNP) data were in-
cluded in these analyses. COMPASS includes cohort studies—Athero-
sclerosis Risk in Communities (ARIC) Study,15 Cardiovascular Health 
Study (CHS),16 Dynamics of Health, Aging, and Body Composition 
(HABC) Study,17 and the Women’s Health Initiative (WHI),18—and 
case-control studies—Genetics of Early Onset Stroke (GEOS),19 
Ischemic Stroke Genetics Study (ISGS),20 Vitamin Intervention for 
Stroke Prevention (VISP),21 and Healthy Aging in Neighborhoods of 
Diversity across the Life Span (HANDLS),22—as well as an affected 
sibpair study—Siblings with Ischemic Stroke Study (SWISS).23

Outcomes
Adjudicated ischemic or total strokes from all studies excluding 
HANDLS were analyzed. Race/ethnicity- and sex-matched controls 
were randomly selected from HANDLS and used as controls in the 
analyses of SWISS-ISGS and VISP, which lacked genotyped controls. 
All studies provided data for the total stroke analysis, which included 
ischemic and hemorrhagic strokes but excluded subarachnoid hemor-
rhage. All studies contributed to the ischemic stroke analyses with 
the exception of Dynamics of Health, Aging, and Body Composition 
Study, which lacked stroke subtype information. In the cohort studies, 
only first (incident) clinically validated strokes were considered and 
individuals with baseline history of stroke were excluded.

Genotype Data
All studies imputed SNPs using HapMap II reference populations; 
SNPs with low imputation quality (r2<0.3) were excluded. We ana-
lyzed SNPs available in ≥2 studies with minor allele frequency ≥0.01 
and passing stringent quality control criteria, for a total of ≈2.6 mil-
lion SNPs. The online-only Data Supplement contains additional de-
tails about study designs, stroke definition, adjudication procedures, 
and genotyping.

Analysis
We used additive genetic models with a count of variant alleles (0, 1, 
or 2) for each genotyped SNP or allelic dose for imputed SNPs. Cohort 
studies used Cox proportional hazard models to evaluate associations 
between SNPs and the time to incident stroke. Case-control studies 
used logistic regression models (additional details in the online-only 
Data Supplement). To control for potential population stratification, 
principal components of global ancestry were estimated in each study 

and included as covariates. Models were additionally adjusted, as ap-
propriate, for age, sex, and site. In each study, the distribution of test 
statistics was reviewed using Q–Q plots to detect potential inflation 
because of population stratification; no large deviations were noted. 
We combined study-specific results in fixed effects meta-analyses with 
inverse variance weighting using METAL24; P-value meta-analyses 
were also conducted. The genome-wide significance threshold was 
P<5×10−8 for the GWAS discovery but we investigated all SNPs with 
P<10−6.

Validation of COMPASS Findings
Because of the absence of another large African American sample 
with GWAS and adjudicated stroke data, we performed a look-up 
of COMPASS SNPs with P<10−6 in the METASTROKE ischemic 
stroke results. Given the known differences in linkage disequilibrium 
(LD) patterns between populations of European ancestry and African 
ancestry, we expanded the region of interest for each locus to include 
available SNPs±500 kb of the index SNPs. We applied Bonferroni 
correction to account for the number of loci tested.

As a secondary aim, we used COMPASS data to evaluate isch-
emic stroke and ischemic stroke subtype variants identified in 
European-ancestry populations.6–8,10–12 In COMPASS, we tested the 
reported European-ancestry GWAS SNP (ie, index SNP) as well as 
SNPs in moderate LD (r2≥0.50) with the index SNP (±500 kb) based 
on HapMap CEU to capture more broadly the European-ancestry 
index signal. Again, we applied a Bonferroni-corrected significance 
threshold.

Power
Using Quanto (v1.2.4),25 we estimated reasonable power (≥80%) 
to detect low frequency common variants (0.09≥minor allele fre-
quency≤0.15) associated with ≥50% increased (or decreased) risk of 
stroke in our discovery aim. As minor allele frequency increased to 
0.50, we had reasonable power to detect increasingly smaller SNP-
stroke associations, down to ≈25% increased (or decreased) risk (ie, 
effect size≈±0.22–0.29). Power to detect rarer variants, or common 
variants with more modest associations, was limited.26

Results
Discovery of Stroke-Associated Loci
COMPASS comprises 14 745 African Americans, including 
1365 ischemic and 1592 total stroke cases (Table I in the 
online-only Data Supplement). We identified an association 
between rs4471613 (15q21.3) and total stroke in African 
Americans, (β [SE]=0.82 [0.15]; P=3.9×10−8] with sug-
gestive evidence for ischemic stroke (β [SE]=0.90 [0.18]; 
P=4.6×10−7]. An additional 18 SNPs had suggestive evi-
dence of association (P<1×10−6; Table II in the online-only 
Data Supplement). Five were for ischemic stroke—including 
PTPRG, CDC5L, and HPS4-ASPHD2 loci SNPs and 1 inter-
genic SNP (chr14q31)—and 15 SNPs were for total stroke—
including SNPs in the PTPRG, HDAC9, and WDFY4 loci and 
intergenic regions. Two SNPs, rs704341 (PTPRG/intron) and 
rs4471613 (15q21.3/intergenic), were suggestively associated 
with both ischemic and total stroke. In sensitivity analyses 
including only the cohort studies, associations for both SNPs 
remained below the P<10−6 threshold (Table III in the online-
only Data Supplement).

Validation of COMPASS SNPs in METASTROKE
None of the 19 SNPs from COMPASS (or SNPs in LD 
with them) met the Bonferroni threshold for significance in 
METASTROKE, P=0.05/19=0.003. We did observe nominal 
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associations for 5q35.2 (rs4867766; P=0.031) and 1p31.1 
(rs35020936; P=0.018; Table 1). In 5q35.2, the intergenic SNP 
rs4867766 was the top SNP in both race/ethnicities, despite 
different minor allele frequency, 0.08 in African American and 
0.21 in European-ancestry populations, whereas in 1p31.1, the 
top SNP differed in the populations (Table 1).

Testing of Ischemic Stroke GWAS Loci Identified in 
European-Ancestry Populations
None of the European-ancestry index SNPs were associ-
ated with ischemic stroke in African Americans at P=0.007 
(P=0.05/7 loci tested; Table 2). When we also investigated SNPs 
in modest LD (Table IV in the online-only Data Supplement), 
we found suggestive evidence of association (P<0.05) for the 
PITX2, HDAC9, CDKN2A/CDKN2B, and ZFHX3 loci.

Discussion
The COMPASS collaboration represents the first large-scale 
GWAS meta-analysis of stroke in African Americans. We 
report a novel genome-wide association for total stroke at 

the 15q21.3 locus and report 14 additional loci suggestively 
associated with total or ischemic stroke in African Americans. 
In addition, in our African American population, we found 
suggestive evidence of replication for the PITX2, HDAC9, 
CDKN2A/CDKN2B, and ZFHX3 loci previously associated 
with stroke in European-ancestry populations, pointing to 
potential shared mechanisms for stroke susceptibility.

The top SNP, rs4471613, is located near the 3′ region of 
the aquaporin 9 gene (AQP9), the aldehyde dehydrogenase 1 
family, member A2 (ALDH1A2), and hepatic lipase (LIPC) 
genes. Previous work suggests a role for AQP9 in cerebral 
energy metabolism as well as in brain ischemia, development 
of cerebral edema, and postischemic reuptake of glycerol and 
lactate.27,28 Intergenic SNPs in this region also are associated 
with blood lipids in populations of diverse ancestry29 and 
hypertension in African Americans.30 Although this region is 
mechanistically appealing, rs4471613 is in low LD with these 
reported SNPs. The location of rs4471613 in a H3-lysine-27-
acetylation histone mark in 7 different cell types reflecting 5 
tissues (ENCODE data from UCSC genome browser [https://

Table 1. Validation of COMPASS Top Loci in METASTROKE

COMPASS METASTROKE

Locus Annotation SNP Outcome P Value
Replication  

P Value No. of SNPs*
Top SNP  
in Locus P Value LD†

1p31.1 Intergenic/ELTD1 rs1937787 Total 7.33×10−7 0.195‡ 75 rs35020936 0.018§ 0.35

2q13 Intergenic/IL1RN, IL1F10, 
IL36RN

rs11681884 Total 6.13×10−7 0.342‡ 56 rs17042905 0.086 0.30

3p14.2 Intron/PTPRG rs704341 Isc, total 7.11×10−7 0.738 10 rs1871394 0.078 0.31

5q35 Intergenic/MSX2, NKX2-5 rs7705819 Total 9.47×10−7 0.598 18 rs11747282 0.297 0.59

5q35 Intergenic/SUMO2P6, 
GAPDHP71

rs4867766 Total 5.22×10−7 0.031 4 rs4867766 0.031§ 1

6p21.1 UTR3/CDC5L rs11572061 Isc 9.99×10−7 n/a 8 rs11571943 0.140 0.48

6q16.1 Intergenic/TSG1 rs9345396 Total 1.03×10−7 0.252‡ n/a … … …

7p21 Intron/HDAC9 rs17347800 Total 3.59×10−7 0.940‡ 12 rs17138751 0.208 0.31

10p14 Intergenic/LOC100507163 rs768606 Total 1.36×10−7 0.221 1 rs768606 0.221 1

10q11.2 Intron/WDFY4 rs17771318 Total 8.94×10−8 0.941‡ n/a

11q24 Intergenic/TRNAK27, 
GLULP3, UBASH3B

rs2084637 Total 9.12×10−7 0.980‡ 37 rs34614177 0.084 1

12q23 Intergenic/RNU6-36, 
MIR135A2

rs248812 Total 9.15×10−7 0.171‡ 24 rs34552 0.056 0.51

14q31 Intergenic rs10400694 Isc 8.96×10−7 0.922‡ 70 rs12890538 0.203 0.32

14q31 Intergenic/FLRT2 rs7156510 Total 9.82×10−7 0.876‡ 77 rs12890538 0.203 0.34

14q31 Intergenic rs1564060 Total 2.67×10−7 0.798‡ 46 rs4904162 0.225 0.40

15q21.3 Intergenic (near ALDH1A2, 
AQP9, LIPC)

rs4471613 Total, isc 3.94×10−8 0.142 11 rs12591835 0.104 0.49

21q11.2 Intergenic (near LIP1, 
ABCC13)

rs2822388 Total 4.96×10−7 0.224 2 rs2822388 0.224 1

21q22.1 Intergenic (CLDN17) rs7283054 Total 9.75×10−7 N/a 9 rs9974937 0.246 0.35

22q12.1 Intron/HPS4 rs5752326 Isc 8.84×10−7 0.683‡ 52 rs4822727 0.172 0.89

COMPASS indicates Consortium of Minority Population Genome-Wide Association Studies of Stroke; LD, linkage disequilibrium; n/a=not available; and SNP, single 
nucleotide polymorphism.

*SNPs±500 kb of index SNP and available in METASTROKE.
†Based on LD with the COMPASS SNP in ASW.
‡Direction of effect consistent with COMPASS SNP.
§For the METASTROKE validation, P values are nominally significant (not adjusted for multiple testing).
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genome.ucsc.edu]) suggests a possible regulatory function for 
this SNP, or neighboring SNPs in this region. However, this 
SNP was not significantly associated with ischemic stroke in 
METASTROKE (P=0.13). Further evaluation of genetic fac-
tors influencing stroke across the AQP9-LIPC region, particu-
larly in populations of African descent, is warranted.

Two intergenic loci (5q35 and 1p31.1) identified in 
COMPASS were modestly associated (P<0.05) with stroke in 
METASTROKE. Overall, the lack of strong replication in the 
larger METASTROKE European-ancestry population urges 
caution when interpreting COMPASS associations. However, 
as has been reported for other phenotypes,31 COMPASS loci 
could be unique to African-ancestry populations. Of note, 
the HDAC9 variants associated with large vessel stroke in 
European-ancestry populations7,12 are located >500 kb from 
the novel intronic HDAC9 variant identified in COMPASS.

Replication of stroke GWAS variants across differ-
ent ancestry/ethnicity groups are lacking but important for 
prioritizing genetic variants for translational research and 
understanding population differences in stroke burden. In 
our secondary aim to replicate previous GWAS findings from 
European-ancestry populations, we found suggestive evi-
dence of replication (P<0.05) for 4 loci. Interestingly, 4 of 
the 6 nominally significant SNPs in these loci were originally 
associated with cardioembolic stroke in European-ancestry 
populations. None were significant after Bonferroni correc-
tion; nonetheless, these trends suggest that variants in these 
loci may influence stroke risk independent of race/ethnicity.

Some limitations of our study deserve mention. COMPASS 
case-control studies are limited to nonfatal and less severe strokes 
than longitudinal cohort studies, and are more likely to have 
potential selection bias. However, findings from analyses of the 
cohort studies were generally similar to the overall meta-analysis, 

though a rare intronic variant in CHD3, rs9899375, reached 
significance, P=5.2×10−9, in the cohort analyses only.

The limited number of African American stroke samples 
in COMPASS restricts power to discover new loci and also to 
replicate previous associations of modest effect size. In addi-
tion, SNP imputation in admixed populations, such as African 
Americans, is challenging because of differing LD patterns and 
greater genetic diversity than in the standard reference panels.32 
Given the use of YRI/CEU HapMap II reference panels rather 
than African-American-specific panels for imputation, we may 
have slightly reduced power to detect associations (resulting in 
greater chance of false negatives), and reduced ability to local-
ize stroke-associated variants in our population.

Total and ischemic stroke are heterogeneous outcomes. 
Recent GWAS of ischemic stroke have detected heterogeneity 
of associations across stroke subtypes.7 Although the largest 
GWAS of stroke in African Americans, COMPASS still lacks 
adequate numbers to stratify by stroke subtype. In COMPASS 
studies with subtype information, ischemic stroke is predom-
inant and lacunar (or small vessel) stroke is the most com-
mon ischemic stroke subtype, consistent with data indicating 
that intracranial atherosclerotic and lacunar (or small vessel) 
strokes predominate in African Americans.8,14 Furthermore, 
small vessel ischemic stroke incidence in African Americans 
is more than double that of US whites.33 Thus, some of the 
observed differences in risk loci may reflect differences in 
distributions of major ischemic stroke subtypes across diverse 
populations. However, these differences offer an opportunity 
to identify shared or distinct risk factors and mechanisms for 
specific ischemic stroke subtypes across diverse populations, 
such as the nominally significant replication of cardioembolic-
associated loci (PITX2 and ZFHX3) in COMPASS. Replication 
of African American GWAS SNPs in a European-ancestry 

Table 2. COMPASS Results for Ischemic Stroke SNPs Identified in European-Ancestry Populations

European-Ancestry SNP COMPASS Ischemic Stroke Association

Index SNP Annotation P Value Outcome
Index SNP  

P Value
No. of SNPs  

in LD* Top SNP Allele/AF P Value

LD With  
Index 
SNP

12rs13407662 2p16/intergenic 5.2×10−8 SVD 0.184‡ 3 rs2111856 T/0.08 0.141 0.83
7rs1906599 4q25/PITX2 1.4×10−9 CE 0.104‡ 23 rs2634073 T/0.41 0.014§ 0.85
12rs6843082 4q25/PITX2 2.8×10−16 CE 0.223‡ 20 rs2634071 T/0.41 0.016§ 0.84
6rs2200733 4q25/PITX2 2.2×10−10 IS/CE 0.195‡ 40 rs2634073 T/0.41 0.014§ 0.55
8rs556621 6p21.1/intergenic 4.7×10−8 LAA 0.136 18 rs658726 T/0.67 0.062 0.74
7rs11984041 7p21.1/HDAC9 1.9×10−11 LVD 0.120‡ 11 rs2526619 A/0.59 0.093 0.81
7rs2107595 7p21.1/HDAC9 2.0×10−16 LVD 0.170‡ 14 rs28688791 T/0.73 0.049§ 0.67
26rs2383207† 9p21.3/CDKN2A/B 2.9×10−5 LVD 0.182‡ 40 rs1333040 T/0.62 0.049§ 0.55
10rs11833579 12p13.33/NINJ2 2.3×10−8 IS 0.642 1 rs11833579 A/0.22 0.642 1.0
10rs12425791 12p13.33/NINJ2 1.1×10−9 IS 0.754‡ 1 rs11833579 A/0.22 0.642 0.78
12rs879324 16q22.3/ZFHX3 2.3×10−8 CE 0.919 12 rs16971456 C/0.85 0.048§ 0.51

AF indicates average allele frequency in COMPASS African Americans; CE, cardioembolism; COMPASS, Consortium of Minority Population Genome-Wide Association 
Studies of Stroke; IS, all ischemic stroke; LAA, large artery atherosclerosis; LD, linkage disequilibrium; LVD, large vessel disease; SNP, single nucleotide polymorphism; 
and SVD, small vessel disease.

*No. of SNPs (±500 kb) in moderate LD (r2≥0.50) with the index SNP in HapMap CEU, and available in COMPASS.
†Significant replication in METASTROKE; originally reported in another study.
‡Direction of effect in COMPASS consistent with original report.
§P values are nominally significant (not adjusted for multiple testing).
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population is not ideal because of differences in population 
LD, with African-ancestry populations having higher genetic 
diversity on average than European populations.34 Yet, when 
we broadly interrogated the index SNP signals, we observed 
modest replication. Such data may help to localize the actual 
causal variants within GWAS signals.

Summary
Despite its limitations, our study presents results for a unique, 
lesser-studied population with a substantial stroke burden. 
Published stroke GWAS have identified only a handful of rep-
licable associations, perhaps reflecting stroke phenotypic com-
plexity and potential gene-by-environment influences in different 
populations.35 Thus, genetic association studies in populations of 
diverse ancestry, such as this one, are critical to understanding the 
genetic basis of stroke, an increasingly important global disease.
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SUPPLEMENTAL MATERIAL 

Meta-analysis of genome-wide association studies identifies genetic risk factors for 
stroke in African Americans 
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Supplemental Methods 

Meta-Analysis 

Additional checks for evidence of population stratification or structure were performed during the 
meta-analysis.  The genomic inflation factors were estimated and determined to be 1.01 for the 
total stroke analysis, indicating minimal evidence of inflation of the test statistics due to 
stratification. As expected, the GC-adjusted test statistics were virtually identical to the 
unadjusted values (i.e. the top SNPs were consistent between both approaches), though p-
values increased slightly.   
In sensitivity analyses, we performed a meta-analysis of p-values using the weighted Z-score 
method implemented in METAL.  This approach has reduced power compared with the effect 
size meta-analysis,1 but does not necessarily require that effect estimates be measured on the 
same scale in all studies.  Although the p-values from this analysis increased, in general, the 
ranking of SNPs was similar, with the exception of the GWAS-significant SNP, rs4471613.  This 
SNP, which was only available in the cohort studies (ARIC, CHS, HABC and WHI) and attained 
GWAS-significance in the cohort only analysis, was no longer significant at the GWAS 
significance threshold in the p-value meta-analysis.  Given the focus on discovery in this aim, 
interest in avoiding false negatives, and the subsequent replication effort, we present results 
from the effect estimate meta-analysis in the manuscript.       
 

Study Descriptions 

Atherosclerosis Risk in Communities (ARIC) Study 
Population. The ARIC study is a prospective population-based study of atherosclerosis and 
clinical atherosclerotic diseases in 15,792 men and women, including 11,478 non-Hispanic 
white participants, drawn from 4 U.S. communities (Suburban Minneapolis, Minnesota; 
Washington County, Maryland; Forsyth County, North Carolina, and Jackson, Mississippi).2  In 
the first three communities, the sample reflects the demographic composition of the community.  
In Jackson, only black residents were enrolled. Ancestry was self-reported during an interview.  
Participants were handed a card and asked to tell the interviewer which best described his or 
her race.  Choices offered were: White, Black, American Indian/ Alaskan Native, Asian/Pacific 
Islander, Other: specify.  Over 99% identified as either white or black. Only self-identified blacks 
were included in this study.  Participants were between age 45 and 64 years at their baseline 
examination in 1987-1989 when blood was drawn for DNA extraction and participants 
consented to genetic testing.2   Only individuals free of stroke or TIA at baseline were included 
in the analysis.  

Genotyping. Single-nucleotide polymorphisms (SNPs) were genotyped on the Affymetrix 6.0 
chip and were imputed to ≈2.5 million SNPs based on a panel of cosmopolitan reference 
haplotypes from HapMap CEU and YRI (HapMap II CEU and YRI (build 35, release 21)). MACH 
v1.0.16 was used to perform genotype imputations and allele dosage information was 
summarized in the imputation results. SNPs were excluded if they had no chromosomal 
location, were monomorphic, had a call rate<95%, or had a Hardy–Weinberg equilibrium P-
value<10–5. For each SNP, the ratio of the observed versus expected variance of the dosage 
served as the measure of imputation quality. SNPs with MAF<1% and imputation quality <0.3 
were filtered out prior to meta-analysis.  Individuals with and without genotype data did not 
significantly differ with regards to baseline CVD risk factors (not shown).  We excluded 
individuals with a sex mismatch, those who were discordant for more than 5% of genotypes 
among 47 previously genotyped overlapping SNPs, persons who were 1st degree relatives, 
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those who were outliers based on average identity by state or based on Eigenstrat clustering, or 
persons who had an incident subarachnoid hemorrhage.  

Stroke Ascertainment. Hospitalized strokes that occurred by December 31, 2007 were included 
in the present study. During annual telephone contacts, trained interviewers asked each ARIC 
participant to list all hospitalizations during the past year. Hospital records for any 
hospitalizations identified were then obtained. In addition, all local hospitals annually provided 
lists of stroke discharges (International Classification of Diseases, Ninth Revision, Clinical 
Modification codes 430 to 438), which were scrutinized for ARIC participant discharges. Details 
on quality assurance for ascertainment and classification of stroke are described elsewhere.3  
Briefly, the stroke diagnosis was assigned according to criteria adapted from the National 
Survey of Stroke.4  Strokes secondary to trauma, neoplasm, hematologic abnormality, infection, 
or vasculitis were excluded, and a focal deficit lasting <24 hours was not considered to be a 
stroke. Out-of-hospital stroke was not ascertained and validated; thus, these potential stroke 
events were not included. Strokes were classified into hemorrhagic stroke (subarachnoid and 
intracerebral hemorrhage) and ischemic stroke (thrombotic and embolic brain infarction).  A 
stroke was classified as ischemic when a brain CT or MRI revealed acute infarction and showed 
no evidence of hemorrhage. All definite ischemic strokes were further classified as lacunar, 
nonlacunar thrombotic, or cardioembolic on the basis of the recorded neuroimaging results. For 
this analysis, the hemorrhagic strokes identified by ARIC were censored at the time of their 
occurrence. 

Cardiovascular Health Study (CHS) 
Population. CHS is a population-based cohort study of risk factors for coronary heart disease 
(CHD) and stroke in adults ≥ 65 years conducted across four field centers in the United States.5  
The original predominantly white cohort of 5,201 persons (4,964 whites) was recruited in 1989-
1990 from a random sample of people on Medicare eligibility lists, and an additional 687 blacks 
were enrolled subsequently in 1992-93 for a total sample of 5,888.  Race/ethnicity was 
determined by self-identification at interview.  
Only self-identified blacks were included in these analyses.  DNA was extracted from blood 
samples drawn on all participants who consented to genetic testing at their baseline 
examination.    

Genotyping. In 2007-2008, genotyping was performed at the General Clinical Research 
Center's Phenotyping/Genotyping Laboratory at Cedars-Sinai using the Illumina 370CNV 
Duo®BeadChip system on participants who were free of CVD at baseline.  Persons were also 
excluded for a subject-specific genotyping call rate ≤95%. 

Stroke Ascertainment.  Participants were examined annually from enrollment to 1999, and since 
then continue to be under surveillance for stroke.6, 7  Since baseline, participants have also been 
contacted twice a year to identify potential cardiovascular events, including stroke. In addition, 
all hospitalizations were screened for potential stroke events.  For suspected events, 
information was collected from the participant or next of kin, from medical records, and if 
needed, from the participant's physician. When available, CT scans, MRI scans and reports 
were reviewed centrally. At a consensus conference using all available information, vascular 
neurologists adjudicated all events and reached a final decision about the occurrence of stroke, 
stroke types and subtypes. 

Genetics of Early Onset Stroke (GEOS) 
Population. GEOS is a population-based case-control study designed to identify genes 
associated with early-onset ischemic stroke and to characterize interactions of identified stroke 
genes and/or SNPs with environmental risk factors.8-10  Participants were recruited from the 
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greater Baltimore-Washington area in 4 different time periods:  Stroke Prevention in Young 
Women-1 (SPYW-1) conducted from 1992-1996, Stroke Prevention in Young Women-2 
(SPYW-2) conducted from 2001-2003, Stroke Prevention in Young Men (SPYM) conducted 
from 2003-2007, and Stroke Prevention in Young Adults (SPYA) conducted in 2008.   

Stroke Ascertainment. Case participants were hospitalized with a first cerebral infarction 
identified by discharge surveillance from one of the 59 hospitals in the greater Baltimore- 
Washington area and direct referral from regional neurologists. The abstracted hospital records 
of cases were reviewed and adjudicated for ischemic stroke subtype by a pair of neurologists 
according to previously published procedures with disagreements resolved by a third 
neurologist. The ischemic stroke subtype classification system retains information on all 
probable and possible causes, and is reducible to the more widely used TOAST system that 
assigns each case to a single category.   Control participants without a history of stroke were 
identified by random-digit dialing and were balanced to cases by age and region of residence in 
each recruitment periods.   

Genotyping. Genomic DNA was isolated from a variety of sample types, including cell line, 
whole blood, mouth wash and buccal swab.  Samples were genotyped at the Johns Hopkins 
Center for Inherited Disease Research (CIDR) using the Illumina HumanOmni1-Quad_v1-0_B 
BeadChip (Illumina, San Diego, CA, USA). Assistance with data cleaning was provided by the 
GENEVA Coordinating Center (U01-HG-004446; PI Bruce S Weir).  Individuals were excluded if 
they were unexpected duplicates, gender discrepancy and unexpected relatedness.   

The Healthy Aging in Neighborhoods of Diversity across the Life Span Study (HANDLS)  
In the absence of non-stroke control samples from the VISP, ISGS, and SWISS studies, 
controls from the Healthy Aging in Neighborhoods of Diversity across the Life Span study 
(HANDLS) study were used for the VISP and SWISS-ISGS case-control analyses (with no 
overlap across studies).  Controls were sex and race/ethnicity-matched and randomly selected 
from all HANDLS participants not reporting history of stroke at baseline or reporting adjudicated 
stroke during follow-up. 

Population. HANDLS is an interdisciplinary, community-based, prospective longitudinal 
epidemiologic study examining the influences of race and socioeconomic status (SES) on the 
development of age-related health disparities among socioeconomically diverse African 
Americans and whites in Baltimore, MD, USA.  This study assesses physical parameters over a 
20-year period while evaluating genetic, biologic, demographic, and psychosocial influences.  
HANDLS recruited 3,722 participants (2200 African Americans (59%) and 1522 whites (41%)) 
from Baltimore, MD.   

Stroke Ascertainment.  Stroke status at baseline was determined through self-report while 
incident strokes, other vascular events, and deaths were determined using medical records and 
clinic visits during follow-up.  

Genotyping. Genotyping was focused on a subset of participants self-reporting as African 
American and was performed at the Laboratory of Neurogenetics, National Institute on Aging, 
National Institutes of Health.  Genotype data (for up to 907,763 SNPs) were generated for 1,024 
participants using either Illumina 1M and 1M duo arrays (n=709) ,or a combination of 550K, 
370K, 510S and 240S to equate the million SNP level of coverage. Inclusion criteria for genetic 
data in HANDLS includes concordance between self-reported sex and sex estimated from X 
chromosome heterogeneity, > 95% call rate per participant (across all equivalent arrays), 
concordance between self-reported African ancestry and ancestry confirmed by analyses of 
genotyped SNPs, and no cryptic relatedness to any other samples at a level of proportional 
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sharing of genotypes > 15% (effectively excluding 1st cousins and closer relatives from the set of 
probands used in analyses).  In addition, SNPs included in the analysis were filtered for HWE p-
value > 1e-7, missing by haplotype p-values > 1e-7, minor allele frequency > 0.01, and call rate 
> 95%.  Data analyses utilized the high-performance computational capabilities of the Biowulf 
Linux cluster at the NIH, Bethesda, Md. (http://biowulf.nih.gov). 

Dynamics of Health, Aging and Body Composition Study (Health ABC)  
Population.  The Dynamics of Health, Aging and Body Composition Study (Health ABC) enrolled 
a total of 3075 well-functioning men and women aged 70-79 between April 1997-June 1998.11  
This analysis includes African American individuals with available DNA from the baseline 
examination.   

Stroke Ascertainment. Participants were questioned about any hospitalizations for stroke every 
6 months. When an event was reported, hospital records were collected and verified by a Health 
ABC Disease Adjudicator at each site. Date and causes of death were taken from the death 
certificate. Follow-up time was defined as the time from the baseline visit until the first event 
date (for those who had an event) or was censored at the last contact date (for those who did 
not have any event or were lost to follow-up) or the day of death (for those who died of non-
cardiovascular causes). 

Genotyping. DNA samples were genotyped using the Illumina 1M array.  Samples were 
excluded from the dataset for the reasons of sample failure, genotypic sex mismatch, and first-
degree relative of an included individual based on genotype data, low call rate <97% or HWE p-
value <10-6. 

 

Ischemic Stroke Genetic Study (ISGS) 
Population. ISGS is a multicenter inception cohort study.12  Cases were recruited from inpatient 
stroke services at five United States academic medical centers.   

Stroke Ascertainment. Cases are adult men and women over the age of 18 years diagnosed 
with first-ever ischemic stroke confirmed by a study neurologist on the basis of history, physical 
examination and CT or MR imaging of the brain.  Cases had to be enrolled within 30 days of 
onset of stroke symptoms.  Cases were excluded if they had: a mechanical aortic or mitral valve 
at the time of the index ischemic stroke, central nervous system vasculitis, or bacterial 
endocarditis. They were also excluded if they were known to have: cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), Fabry 
disease, homocystinuria, mitochondrial encephalopathy with lactic acidosis and stroke-like 
episodes (MELAS), or sickle cell anemia.  Diagnostic evaluation included: head CT (95%) or 
MRI (83%), electrocardiography (92%), cervical arterial imaging (86%), and echocardiography 
(74%).  Medical records from all cases were centrally reviewed by a vascular neurology 
committee and assigned ischemic stroke subtype diagnoses according to TOAST criteria,13  the 
Oxfordshire Community Stroke Project14, and the Baltimore-Washington Young Stroke Study15.  
DNA was donated to the NINDS DNA Repository (Coriell Institute, Camden, NJ) for eligible 
samples with appropriate written informed consent. 

Genotyping. DNA samples were genotyped using the Illumina 610 array and data analyses 
were supported by the high-performance computational capabilities of the Biowulf Linux cluster 
at the NIH (http://biowulf.nih.gov).   
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Siblings with Ischemic Stroke Study (SWISS) 
Population. SWISS is a prospective multicenter affected sibling pair study of first-ever or 
recurrent ischemic stroke.16  Subjects were recruited from 54 enrolling hospitals across the US 
and Canada. Samples were collected between 1999-2011.  Ischemic stroke probands were 
enrolled at 66 US medical centers and 4 Canadian medical centers.   

Stroke Ascertainment.  All recruits were extensively clinically phenotyped and have imaging-
confirmed ischemic stroke using either CT or MRI brain scans.  Probands are adult men and 
women over the age of 18 years diagnosed with ischemic stroke confirmed by a study 
neurologist on the basis of history, physical examination and CT or MR imaging of the brain who 
also have a history of at least one living sibling with a history of stroke.  Probands were 
excluded if 1) they had a mechanical aortic or mitral valve at the time of the index ischemic 
stroke, central nervous system vasculitis, or bacterial endocarditis or 2) were known to have 
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy 
(CADASIL), Fabry disease, homocystinuria, mitochondrial encephalopathy with lactic acidosis 
and stroke-like episodes (MELAS), or sickle cell anemia.  Siblings were enrolled using proband-
initiated contact17 or direct contact when permitted by Institutional Review Boards. Concordant 
siblings had their diagnosis of ischemic stroke confirmed by review of medical records by a 
central vascular neurology committee.  Concordant siblings had the same eligibility criteria as 
probands.  Subtype diagnoses were assigned to the index strokes of probands and concordant 
siblings according to TOAST criteria.  Discordant siblings of the proband were confirmed to be 
stroke-free using the Questionnaire for Verifying Stroke-free Status.18  

Genotyping. DNA samples were genotyped using the Illumina 660 array and data analyses 
were supported by the high-performance computational capabilities of the Biowulf Linux cluster 
at the NIH (http://biowulf.nih.gov).   

 

The Vitamin Intervention for Stroke Prevention (VISP) Study 
Population. VISP is a multi-center, double-blind, randomized, controlled clinical trial that enrolled 
patients aged 35 or older with homocysteine levels above the 25th percentile at screening and a 
non-disabling cerebral infarction (NDCI) within 120 days of randomization.19,20  The trial was 
designed to determine if daily intake of a multivitamin tablet with high dose folic acid, vitamin B6 
and vitamin B12 reduced recurrent cerebral infarction (1° endpoint), and nonfatal myocardial 
infarction (MI) or mortality (2° endpoints).  Subjects were randomly assigned to receive daily 
doses of the high-dose formulation (n=1,827), containing 25mg pyridoxine (B6), 0.4mg 
cobalamin (B12), and 2.5mg folic acid; or the low-dose formulation (n=1,853), containing 200μg 
pyridoxine, 6μg cobalamin and 20μg folic acid.  Enrollment in VISP began in August 1997, and 
was completed in December 2001, with 3,680 participants enrolled, from 55 clinic sites across 
the US and Canada and one site in Scotland.  A subset of VISP participants gave consent and 
were included in the GWAS component of VISP, supported by the National Human Genome 
Research Institute (NHGRI), Grant U01 HG005160, as part of the Genomics and Randomized 
Trials Network (GARNET) 

Stroke Ascertainment. NDCI was defined as an ischemic brain infarction not due to embolism 
from a cardiac source, characterized by the sudden onset of a neurological deficit.  The deficit 
must have persisted for at least 24 hours, or if not, an infarction in the part of the brain 
corresponding to the symptoms must have been demonstrated by CT or MRI imaging.  

Genotyping. Samples were genotyped at the Center for Inherited Disease Research using the 
Illumina HumanOmni1-Quad_v1-0_B BeadChip (Illumina, San Diego, CA, USA).  
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Women’s Health Initiative (WHI) 
Population. The goal of the WHI is to investigate the etiology and prevention of chronic disease 
in post-menopausal women.21  WHI recruited approximately 161, 0000 postmenopausal women 
50–79 years of age from 40 clinical centers in the US between 1993 and 1998.  WHI consists of 
an observational study (OS), and clinical trials (CT) of postmenopausal hormone therapy 
(estrogen alone or estrogen plus progestin), a calcium and vitamin D supplement trial, and a 
dietary modification trial.  A subset of 8,515 AA women who provided consent for DNA analysis 
were randomly selected for genome-wide genotyping as part of the SNP Health Association 
Resource (SHARe) project.22  Study protocols and consent forms were approved by the 
institutional review boards for all participating institutions. 

Stroke Ascertainment.  All incident strokes, other vascular events, and deaths were identified 
through self-report at annual (OS) and semi-annual (CT) participant contacts, and through third-
party reports by family members and proxies.  Medical records were obtained for potential 
strokes, and adjudication was performed by trained physician adjudicators who assigned a 
diagnosis.  Stroke diagnosis requiring and/or occurring during hospitalization was based on 
rapid onset of a neurological deficit attributable to an obstruction or rupture of an arterial vessel 
system.  The deficit was not known to be secondary to brain trauma, tumor, infection or other 
cause and must have lasted more than 24 hours unless death supervened or a lesion 
compatible with acute stroke was evident on computed tomography or magnetic resonance 
imaging scan.23  Strokes were classified as ischemic, hemorrhagic or unknown/missing.  
Ischemic stroke subtypes were further classified using Trial of Org 10172 in Acute Stroke 
Treatment (TOAST) criteria. 13  For analyses, strokes subtypes judged as ‘probable’ or ‘possible’ 
were combined.  

Genotyping. Genetic data were obtained from genome-wide scans using the Genome-wide 
Human SNP Array 6.0 (Affymetrix, Santa Clara, CA,  www.affymetrix.com) of 909,622 single 
nucleotide polymorphisms (SNPs).  Genotyping quality control included examination of 
concordance rates for blinded and un-blinded duplicates.  Approximately 1% of SNPs failed 
genotyping and SNPs with call rates < 95% or concordance rates <98%, or minor allele 
frequency <1% were excluded.  In addition to the genotyping, SNPs were imputed using MACH 
software24 and the HapMapII CEU+YRI as reference populations.  Out of 2,203,609 imputed 
SNPs, 2,192,719 SNPs had Rsq>0.3, the recommended cutoff for HapMap-based imputation, 
and were included in these analyses.  Genotyping failed in 99 samples.  Additional participants 
were excluded based on low call rates <95%, and sex or race/ethnicity discrepancy.  First or 
second degree relatedness was assessed as described in Thornton and McPeek.25  For the 
related individuals, the first or second degree relative with the highest call rate was retained in 
analyses and other family members were excluded.  A principal-component (PC) analysis of all 
samples was performed using EIGENSTRAT26.  The first 10 PCs were calculated for each 
individual and evaluated for their contribution to ancestral variation.  Because most of the 
ancestral variation was explained by the first 4 PCs, only these were included as covariates in 
the analyses. We calculated lambda (λ), an indicator of over-dispersion due to potential 
population stratification by dividing the mean of the test statistics by the mean of the expected 
values from a Chi-squared distribution with 1 degree of freedom.  Using λ, we investigated 
correction of p-values using genomic control to account for potential residual confounding by 
genetic ancestry.27, 28 

AA women passing the above genotyping quality control criteria, with follow-up data, and 
without a history of stroke at baseline are included in these analyses.   
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METASTROKE Replication Cohort  
To determine if stroke genetic variants identified in the COMPASS study would replicate in 
populations of European ancestry, we utilized the discovery sample population from the 
METASTROKE consortium.29  The METASTROKE population consists of 15 cohorts with 
ischemic stroke cases and controls of European ancestry from Europe, North America, and 
Australia. Each case-control population was genotyped using either Affymetrix (Santa Clara, 
CA, USA) or Illumina (San Diego, CA, USA) GWAS SNP arrays.  Genotyped data were imputed 
using the HapMap II reference populations.  Logistic regression tests of association were 
performed for each individual case-control population, followed a meta-analysis using a fixed-
effects inverse-variance weighted model as implemented in METAL.30 
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Supplemental Table I:  Description of COMPASS discovery cohorts 

 Cohort Studies Case-Control Studies 
 ARIC CHS HABC WHI GEOS ISGS SWISS HANDLS VISP HANDLS 

Characteristic     Cases Controls Cases Cases Controls* Cases Controls* 
Total N 2741 766 1139 7944 381 352 152 44 389 256 582 

Female, N(%) 
1757 
(64%) 

489 
(64%) 

651 
(57%) 

7944 
(100%) 

174 
(46%) 

156 
(44%) 

77 
(51%) 

22 
(50%) 

223 
(57%) 

116 
(45.3%) 317 (55%) 

Age in years, mean ± 
SD 53± 6 73±6 73±3 62±7 42±7 40±7 56±13 59±10 48 ± 9 63 ± 11 49 ± 9 
BMI in kg/m2, mean ± 
SD 30± 6 29±6 29±5 31± 6 32±8 29±7 N/A N/A 30±9 30±7 30±8 
Type 2 Diabetes, N 
(%) 

444 
(17%) 

175 
(24%) 

291 
(30%) 

943 
(12%) 

87 
(23%) 

29 
(8%) 

48 
(32%) 

20 
(45%) 

66 
(17%) 

97 
(38%) 

115 
(20%) 

Hypertension, N (%) 
1514 
(55%) 

554 
(73%) 

871 
(77%) 

4269 
(54%) 

215 
(56%) 

90 
(26%) 

126 
(83%) 

33 
(75%) 

207 
(54%) 

221 
(86%) 

295 
(52%) 

History of TIA, N (%) 0 
11 
(1%) N/A 

128 
(2%) N/A N/A 

21 
(14%) N/A 

13 
(4%)  

20 
(4%) 

Lipid-lowering 
Medication Use, N (%) 

33 
(1%) 

50 
(7%) 

129 
(11%) 

683 
(9%) N/A N/A N/A N/A 

44 
(12%) 

86 
(34%) 

77 
(14%) 

Recruitment Year(s) 1987-89 
1989-90; 
1992-3 

1997-
98 1993-98 

1992-
2008 

1992-
2007 2002-08 

1999-
2011 

2004-
present 

Aug 1997- 
Dec 2001 

2004-
present 

Cohort Studies            
Stroke Ascertainment 
(through year) 2007 2010 2008 2009        
Incident Ischemic 
Stroke Events, N 229 104 N/A 199        
Median Follow-up 
Time in years 10.3 11.6 N/A 11.9        
Total Stroke Events, N 265 124 128 242        
Median Follow-up 
Time in years 9.9 11.6 10.6 11.9        

*Samples from the HANDLS study were used as controls for the VISP and SWISS-ISGS case-control analyses (with no overlap 
across studies). 
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Supplemental Table II: SNPs nominally associated with ischemic or total stroke in the COMPASS discovery sample 

SNP Locus Annotation Alleles* 
CAF 
(AA) 

CAF 
(CEU) 

Stroke 
Type Beta† (SE) P-value 

rs1937787 1p31.1 intergenic (ELTD1) T/C 0.84 0.67 total -0.27 (0.05) 7.33x10-7 
rs11681884 2q13 intergenic (IL1RN, IL1F10, IL36RN) T/C 0.43 0.11 total -0.24 (0.05) 6.13x10-7 
rs704341 3p14.2 PTPRG (intron) A/G 0.07 0.14 total 0.55 (0.11) 5.53x10-7 
      ischemic 0.62 (0.12) 7.11x10-7 
rs4867766 5q35 intergenic (MSX2, NKX2-5) A/G 0.08 0.21 total 0.41 (0.08) 5.22x10-7 
rs7705819 5q35 intergenic (SUMO2P6, GAPDHP71) T/C 0.64 0.75 total 0.23 (0.05) 9.47x10-7 
rs11572061 6p21.1 CDC5L (UTR3) A/G 0.97 1.00 ischemic -0.59 (0.12) 9.99x10-7 
rs9345396 6q16.1 intergenic (near TSG1) T/C 0.01 0.01 total 1.75 (0.33) 1.03x10-7 
rs17347800 7p21 HDAC9 (intron) A/G 0.04 0.09 total 0.51 (0.10) 3.59x10-7 
rs768606 10p14 intergenic (near LOC100507163) A/T 0.07 0.01 total 0.48 (0.09) 1.36x10-7 
rs17771318 10q11.2 WDFY4 (intron)  A/G 0.01 0.04 total 1.46 (0.27) 8.94x10-8 
rs2084637 11q24 intergenic (TRNAK27, GLULP3, 

UBASH3B) 
T/C 0.89 0.64 total -0.32 (0.07) 9.12x10-7 

rs248812 12q23 intergenic (RNU6-36, MIR135A2) A/C 0.83 0.76 total -0.26 (0.05) 9.15x10-7 
rs1564060 14q31 intergenic A/G 0.43 0.26 total -0.24 (0.05) 2.67x10-7 
rs10400694 14q31 intergenic (near FLRT2) C/G 0.52 0.75 ischemic 0.24 (0.05) 8.96x10-7 
rs7156510 14q31 intergenic T/G 0.47 0.74 total 0.21 (0.04) 9.82x10-7 
rs4471613 15q21.3 intergenic (near ALDH1A2, AQP9, 

LIPC) 
A/G 0.02 0.03 total 0.82 (0.15) 3.94x10-8 

     0.03 ischemic 0.90 (0.18) 4.62x10-7 
rs2822388 21q11.2 intergenic (near LIP1, ABCC13) A/G 0.98 0.95 total -0.86 (0.17) 4.96x10-7 
rs7283054 21q22.1 intergenic (CLDN17) C/G 0.02 0.01 total 0.99 (0.20) 9.75x10-7 
rs5752326 22q12.1 HPS4 (intron) T/C 0.79 0.95 ischemic -0.31 (0.06) 8.84x10-7 
CAF=coded allele frequency; AA=African Americans from COMPASS; CEU=HapMap II CEU population; SE=standard error 

*coded allele/non-coded allele 

†effect of each additional allele on risk of stroke (meta-analysis result) 
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Supplemental Table III: SNPs nominally associated with stroke in the COMPASS cohort studies  

SNP Locus Annotation Alleles* CAF  Stroke Type HR† (95%CI) P-value 
rs704341 3p14.2 PTPRG (intron) A/G 0.07 total 1.73 (1.40 - 2.14) 5.53E-07 
     isc 1.85 (1.45 - 2.36) 7.11E-07 
rs781542 4q12 SPINK2 (intron) A/G 0.32 total 1.35 (1.20 - 1.53) 9.64E-07 
rs6880837 5q31.2 TGFBI (intron) T/C 0.28 total 1.33 (1.19 - 1.48) 3.88E-07 
rs13168506 5q31.2 TGFBI (intron) A/G 0.27 total 1.33 (1.19 - 1.49) 3.44E-07 
rs9345396 6q16.1 3kb 3' of TSG1  T/C 0.01 total 5.78 (3.03 - 11.02) 1.03E-07 
rs17145593 10p14 Intergenic (1.2Mb 3' of 

GATA3) 
A/C 0.07 total 1.60 (1.34 - 1.92) 2.62E-07 

rs768606 10p14 Intergenic (1.2Mb 3' of 
GATA3) 

A/T 0.07 total 1.62 (1.35 - 1.94) 1.36E-07 

rs17771318 10q11.22 WDFY4 (intron) A/G 0.01 total 4.29 (2.52 - 7.32) 8.94E-08 
rs12291066 11p15.3 MICAL2 (intron) A/G 0.11 total 1.45 (1.25 - 1.69) 8.23E-07 
rs4471613 15q21.3 Intergenic (near ALDH1A2, 

AQP9, LIPC) 
A/G 0.02 total 2.26 (1.69 - 3.03) 3.94E-08 

    0.02 isc 2.47 (1.74 - 3.50) 4.62E-07 
rs12438353 15q25.3 AGBL1 (intron) T/C 0.50 isc 1.39 (1.23 - 1.57) 2.28E-07 
rs9899375 17p13.1 CHD3 (intron) T/C 0.03 isc 3.30 (2.21 - 4.93) 5.23E-09 
     total 2.57 (1.86 - 3.55) 1.20E-08 
rs2822388 21q11.2 55kb 5' of C21orf81 A/G 0.98 total 0.42 (0.30 - 0.59) 4.96E-07 
rs7283054 21q21.3 19kb 3' of CLDN17 C/G 0.02 total 2.69 (1.81 - 4.00) 9.75E-07 

CAF=coded allele frequency; 95%CI=95% confidence interval.  Bolded SNPs are significant at GWAS discovery p<5e-8. 

*coded allele/non-coded allele 

† meta-analysis result of Cox proportional hazards models from cohort studies only, reflects the hazard of stroke for each coded 
allele 
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Supplementary Table IV: COMPASS replication of ischemic stroke SNPs reported in 
European-ancestry populations 

Index SNP 
(annotation) 

COMPASS 
SNP 

LD (r2) with 
Index SNP* 

Allele/ 
AF† 

Effect Size  
± SE P-value N 

rs13407662 rs2111856 0.83 T/0.08 0.15 ± 0.10 0.1410 12,183 
(2p16/intergenic) rs7594063 1.00 A/0.93 -0.07 ± 0.12 0.5551‡ 11,450 
 rs13421162 1.00 T/0.94 -0.06 ± 0.13 0.6394 11,450 
rs1906599 rs2634073 0.85 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.85 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.97 T/0.48 0.1 ± 0.05 0.0520 13,582 
 rs2466455 1.00 T/0.60 -0.12 ± 0.06 0.0618‡ 11,450 
 rs4611994 0.55 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 0.55 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs2200733 0.55 T/0.23 0.08 ± 0.06 0.1950 13,561 
 rs6843082 0.99 A/0.70 -0.07 ± 0.05 0.2227 13,571 
 rs2634074 1.00 A/0.52 -0.07 ± 0.06 0.2792‡ 11,450 
 rs3853440 0.52 A/0.19 0.08 ± 0.08 0.2868‡ 11,450 
 rs2129983 1.00 A/0.56 -0.06 ± 0.06 0.3830‡ 11,450 
 rs2129982 0.99 A/0.71 -0.04 ± 0.05 0.3983 13,580 
 rs12644625 0.54 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs17042121 0.52 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs17042144 0.52 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs4032976 0.52 T/0.07 0.05 ± 0.13 0.6902‡ 11,450 
 rs13143308 1.00 T/0.30 0.02 ± 0.06 0.7033 12,183 
 rs1906616 1.00 A/0.69 -0.03 ± 0.07 0.7047 11,450 
 rs2220427 0.55 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.52 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs10516563 0.53 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs1906615 1.00 T/0.29 0.01 ± 0.07 0.9397 11,450 
 rs12646447 0.55 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs2200733 rs2634073 0.55 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.56 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.51 T/0.48 0.10 ± 0.05 0.0520 13,582 
 rs1906599 0.55 T/0.43 0.08 ± 0.05 0.1041 13,582 
 rs10019689 1.00 A/0.27 0.09 ± 0.06 0.1250 12,183 
 rs4611994 1.00 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 1.00 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs6533527 1.00 A/0.15 0.09 ± 0.07 0.2073 12,183 
 rs1906617 1.00 A/0.85 -0.11 ± 0.09 0.2212 11,450 
 rs6843082 0.55 A/0.70 -0.07 ± 0.05 0.2227 13,571 
 rs11930528 0.78 T/0.27 0.05 ± 0.06 0.3278 13,578 
 rs17042076 1.00 T/0.73 -0.06 ± 0.07 0.3590 11,450 
 rs2129982 0.54 A/0.71 -0.04 ± 0.05 0.3983 13,580 
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 rs12644625 0.98 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs2200732 0.91 T/0.76 -0.05 ± 0.07 0.4585 11,450 
 rs6817105 1.00 T/0.76 -0.05 ± 0.07 0.4753 11,450 
 rs1906593 1.00 T/0.24 0.05 ± 0.07 0.4804 11,450 
 rs4540107 1.00 A/0.24 0.05 ± 0.07 0.4841 11,450 
 rs17042121 0.96 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs2350269 1.00 T/0.13 0.06 ± 0.10 0.5009 11,450 
 rs4626276 0.80 A/0.89 -0.05 ± 0.08 0.5498 13,583 
 rs1906596 1.00 T/0.75 -0.04 ± 0.07 0.5938 11,450 
 rs17042088 0.79 T/0.11 0.04 ± 0.08 0.5980 13,583 
 rs1906592 1.00 T/0.77 -0.03 ± 0.07 0.6560 11,450 
 rs17042144 0.96 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs12647316 0.79 T/0.14 0.03 ± 0.07 0.6967 13,583 
 rs2129981 1.00 T/0.11 -0.04 ± 0.10 0.7168 11,450 
 rs12639654 1.00 T/0.04 0.06 ± 0.17 0.7247 11,450 
 rs17042059 1.00 A/0.13 0.02 ± 0.08 0.7601 12,183 
 rs2220427 1.00 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.96 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs1906591 1.00 A/0.11 -0.02 ± 0.10 0.8104 11,450 
 rs4543199 1.00 T/0.87 -0.02 ± 0.09 0.8233 11,450 
 rs10516563 0.96 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs11098089 1.00 A/0.88 -0.02 ± 0.10 0.8504 11,450 
 rs17042026 0.52 A/0.15 -0.02 ± 0.09 0.8541 11,450 
 rs4529121 1.00 A/0.11 0.01 ± 0.10 0.9042 11,450 
 rs12646754 1.00 T/0.13 -0.01 ± 0.11 0.9116 11,450 
 rs17042098 1.00 A/0.12 0.01 ± 0.10 0.9190 11,450 
 rs12646447 1.00 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs6843082 rs2634073 0.84 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.84 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.96 T/0.48 0.1 ± 0.05 0.0520 13,582 
 rs2466455 1.00 T/0.60 -0.12 ± 0.06 0.0618 11,450 
 rs1906599 0.99 T/0.43 0.08 ± 0.05 0.1041 13,582 
 rs4611994 0.55 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 0.55 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs2200733 0.55 T/0.23 0.08 ± 0.06 0.1950 13,561 
 rs2634074 1.00 A/0.52 -0.07 ± 0.06 0.2792 11,450 
 rs2129983 1.00 A/0.56 -0.06 ± 0.06 0.3830 11,450 
 rs2129982 1.00 A/0.71 -0.04 ± 0.05 0.3983 13,580 
 rs12644625 0.53 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs17042121 0.53 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs17042144 0.53 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs13143308 1.00 T/0.30 0.02 ± 0.06 0.7033 12,183 
 rs1906616 1.00 A/0.69 -0.03 ± 0.07 0.7047 11,450 
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 rs2220427 0.54 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.52 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs10516563 0.52 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs1906615 1.00 T/0.29 0.01 ± 0.07 0.9397 11,450 
 rs12646447 0.54 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs556621 rs658726 0.74 T/0.67 0.13 ± 0.07 0.0624 11,450 
(6p21.1/intergenic) rs1767789 0.66 T/0.64 0.07 ± 0.05 0.1630 13,575 
 rs646977 0.53 T/0.91 0.15 ± 0.12 0.2262 11,450 
 rs504615 0.89 A/0.88 0.12 ± 0.11 0.2658 11,450 
 rs1767788 0.89 T/0.88 0.12 ± 0.11 0.2689 11,450 
 rs13202385 0.68 A/0.18 0.06 ± 0.06 0.3551 13,579 
 rs1680900 0.89 A/0.10 -0.10 ± 0.11 0.3849 11,450 
 rs12526438 0.68 A/0.18 0.05 ± 0.06 0.4002 13,579 
 rs497177 0.84 T/0.10 -0.08 ± 0.10 0.4013 12,183 
 rs9381341 0.88 C/0.81 -0.05 ± 0.08 0.5315‡ 11,450 
 rs4714797 0.88 C/0.82 -0.05 ± 0.08 0.5390 11,450 
 rs9395035 0.88 A/0.82 -0.05 ± 0.08 0.5398 11,450 
 rs9472313 0.96 A/0.10 -0.05 ± 0.11 0.6296 11,450 
 rs4714796 0.88 C/0.15 -0.04 ± 0.09 0.6734‡ 11,450 
 rs632728 0.85 T/0.10 -0.03 ± 0.09 0.7257 13,581 
 rs900403 0.65 A/0.33 -0.01 ± 0.05 0.8244 13,555 
 rs4714801 0.91 A/0.91 0.01 ± 0.09 0.8927 13,574 
 rs556512 1.00 A/0.23 0.003 ± 0.06 0.9607 13,569 
rs11984041 rs2526619 0.81 A/0.59 -0.08 ± 0.05 0.0935 13,542 
(7p21.1/HDAC9) rs10241964 0.69 A/0.22 0.10 ± 0.07 0.1549 11,450 
 rs10245779 0.85 C/0.23 0.08 ± 0.06 0.1573 13,554 
 rs10255384 0.82 A/0.22 0.11 ± 0.08 0.1613 2,898 
 rs2107595 0.52 A/0.21 0.09 ± 0.06 0.1701 12,183 
 rs7783974 0.71 T/0.20 0.09 ± 0.08 0.2136 11,450 
 rs2023937 0.84 A/0.78 -0.09 ± 0.08 0.2350 11,450 
 rs7784712 0.85 T/0.16 0.08 ± 0.07 0.2457 13,579 
 rs2023938 0.92 T/0.78 -0.07 ± 0.07 0.2553 12,182 
 rs7792656 0.79 T/0.76 -0.06 ± 0.06 0.2982 12,183 
rs2107595 rs28688791 0.67 T/0.73 -0.12 ± 0.06 0.0486 10,830 
(7p21.1/HDAC9) rs2526619 0.57 A/0.59 -0.08 ± 0.05 0.0935 13,542 
 rs11984041 0.52 T/0.21 0.09 ± 0.06 0.1201 13,582 
 rs2023936 0.69 C/0.67 -0.08 ± 0.05 0.1326 13,579 
 rs10241964 0.60 A/0.22 0.10 ± 0.07 0.1549 11,450 
 rs10245779 0.63 C/0.23 0.08 ± 0.06 0.1573 13,554 
 rs10255384 0.57 A/0.22 0.11 ± 0.08 0.1613 2,898 
 rs7798197 0.69 A/0.68 -0.09 ± 0.07 0.1714 11,450 
 rs7783974 0.61 T/0.20 0.09 ± 0.08 0.2136 11,450 
 rs7788833 0.66 T/0.69 -0.06 ± 0.05 0.2151 13,580 



15 
 

 rs7788972 0.75 A/0.30 0.08 ± 0.07 0.2266 11,450 
 rs2023937 0.53 A/0.78 -0.09 ± 0.08 0.2350 11,450 
 rs7784712 0.61 T/0.16 0.08 ± 0.07 0.2457 13,579 
 rs2023938 0.52 T/0.78 -0.07 ± 0.07 0.2553 12,182 
 rs2074633 0.66 T/0.73 -0.07 ± 0.06 0.2632 12,075 
 rs7792656 0.56 T/0.76 -0.06 ± 0.06 0.2982 12,183 
rs2383207 rs1333040 0.55 T/0.62 0.10 ± 0.05 0.0487 13,582 
(9p21.3/CDKN2A/B) rs6475606 0.85 T/0.88 0.12 ± 0.08 0.1227 13,578 
 rs10116277 0.85 T/0.88 0.12 ± 0.08 0.1238 13,583 
 rs1333047 0.87 A/0.12 -0.14 ± 0.10 0.1518 11,417 
 rs1333049 0.85 C/0.24 0.08 ± 0.06 0.1520 13,580 
 rs4977574 0.91 A/0.81 -0.08 ± 0.06 0.1987 13,569 
 rs10757272 0.89 T/0.23 0.07 ± 0.06 0.2109 13,576 
 rs1333048 0.93 A/0.70 -0.06 ± 0.05 0.2336 13,580 
 rs10738610 0.97 A/0.79 0.09 ± 0.08 0.2379 11,450 
 rs10757278 0.85 A/0.79 0.09 ± 0.08 0.2472 11,450 
 rs10811650 0.60 A/0.79 -0.06 ± 0.06 0.2921 13,581 
 rs2891168 0.91 A/0.79 -0.06 ± 0.06 0.3084 13,579 
 rs1333046 0.97 A/0.26 -0.07 ± 0.07 0.3147 11,450 
 rs944797 1.00 T/0.57 -0.05 ± 0.05 0.3340 13,582 
 rs1537370 0.84 T/0.68 0.05 ± 0.05 0.3782 13,580 
 rs1004638 1.00 A/0.12 0.08 ± 0.10 0.4212 11,450 
 rs1537374 1.00 A/0.12 0.08 ± 0.10 0.4214 11,450 
 rs10733376 1.00 C/0.88 -0.08 ± 0.10 0.4235 11,450 
 rs1333043 0.97 A/0.88 -0.08 ± 0.10 0.4449 11,450 
 rs7341786 0.97 A/0.12 0.08 ± 0.10 0.4487 11,450 
 rs1412834 1.00 T/0.12 0.07 ± 0.10 0.4596 11,450 
 rs7859362 1.00 T/0.12 0.07 ± 0.10 0.4613 11,450 
 rs2184061 0.50 A/0.61 -0.05 ± 0.07 0.4684 11,450 
 rs1333042 0.95 A/0.12 -0.06 ± 0.09 0.5017 12,177 
 rs10738607 0.91 A/0.76 -0.04 ± 0.06 0.5121 13,583 
 rs1537378 0.50 A/0.07 -0.13 ± 0.21 0.5359 2,741 
 rs1333045 0.76 T/0.52 0.04 ± 0.07 0.5427 11,450 
 rs10811647 0.59 C/0.80 0.05 ± 0.08 0.5607 11,450 
 rs4977575 0.87 C/0.12 0.06 ± 0.10 0.5751 11,450 
 rs9632884 0.74 C/0.89 -0.05 ± 0.11 0.6178 11,389 
 rs1537371 0.90 A/0.88 -0.05 ± 0.10 0.6425 11,450 
 rs1537375 0.98 T/0.33 -0.02 ± 0.05 0.6574 13,580 
 rs7859727 0.90 T/0.74 -0.03 ± 0.08 0.6583 11,450 
 rs1556516 0.90 C/0.88 -0.04 ± 0.10 0.6668 11,450 
 rs1537373 0.90 T/0.12 0.04 ± 0.10 0.6792 11,450 
 rs10738609 1.00 A/0.79 0.03 ± 0.07 0.6866 12,182 
 rs2383206 1.00 A/0.57 -0.02 ± 0.06 0.6999 12,183 
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 rs10757269 0.83 A/0.16 -0.02 ± 0.09 0.8379 11,450 
 rs10511701 0.97 T/0.29 0.002 ± 0.07 0.9813 11,450 
rs11833579 
(12p13.33/NINJ2) rs12425791 0.78 A/0.11 0.02 ± 0.07 0.7451 13,582 
rs12425791 
(12p13.33/NINJ2) rs11833579 0.78 A/0.22 -0.03 ± 0.06 0.6419 13,583 
rs879324 rs16971456 0.51 C/0.85 0.13 ± 0.07 0.0482 13,582 
(16q22.3/ZFHX3) rs9302644 0.73 C/0.21 -0.15 ± 0.09 0.0973 11,450 
 rs7192350 0.64 A/0.77 0.08 ± 0.07 0.2543 11,450 
 rs6416747 0.58 T/0.23 -0.08 ± 0.08 0.2589 11,450 
 rs16971481 0.54 A/0.11 -0.08 ± 0.11 0.4465 2,899 
 rs11643592 0.59 A/0.39 0.04 ± 0.06 0.5289 11,450 
 rs7193343 0.71 T/0.24 -0.03 ± 0.06 0.5510 13,578 
 rs719354 0.73 T/0.23 -0.02 ± 0.06 0.6796 13,583 
 rs2106261 0.93 T/0.26 0.02 ± 0.05 0.7164 13,581 
 rs8057081 0.70 T/0.28 -0.01 ± 0.05 0.8873 13,582 
 rs12932445 1.00 T/0.86 -0.004 ± 0.07 0.9537 13,583 
 rs4499262 0.95 A/0.14 0.001 ± 0.09 0.9931 2,899 

AF=Allele frequency; N=number contributing to the analysis; the top SNPs in COMPASS for 
each locus are bolded and presented in the main text in Table 2. 

*Reflects the numbers of SNPs (± 500kB) in moderate LD (r2≥0.50) with the index SNP in 
HapMap CEU, and available in COMPASS 

†Coded allele and coded allele frequency in COMPASS studies contributing to the ischemic 
stroke analysis 

‡Meta-analysis result for this SNP suggests heterogeneity of effect among contributing studies, 
(I2>50%). 
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SUPPLEMENTAL MATERIAL 

Meta-analysis of genome-wide association studies identifies genetic risk factors for 
stroke in African Americans 
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Supplemental Methods 

Meta-Analysis 

Additional checks for evidence of population stratification or structure were performed during the 
meta-analysis.  The genomic inflation factors were estimated and determined to be 1.01 for the 
total stroke analysis, indicating minimal evidence of inflation of the test statistics due to 
stratification. As expected, the GC-adjusted test statistics were virtually identical to the 
unadjusted values (i.e. the top SNPs were consistent between both approaches), though p-
values increased slightly.   
In sensitivity analyses, we performed a meta-analysis of p-values using the weighted Z-score 
method implemented in METAL.  This approach has reduced power compared with the effect 
size meta-analysis,1 but does not necessarily require that effect estimates be measured on the 
same scale in all studies.  Although the p-values from this analysis increased, in general, the 
ranking of SNPs was similar, with the exception of the GWAS-significant SNP, rs4471613.  This 
SNP, which was only available in the cohort studies (ARIC, CHS, HABC and WHI) and attained 
GWAS-significance in the cohort only analysis, was no longer significant at the GWAS 
significance threshold in the p-value meta-analysis.  Given the focus on discovery in this aim, 
interest in avoiding false negatives, and the subsequent replication effort, we present results 
from the effect estimate meta-analysis in the manuscript.       
 

Study Descriptions 

Atherosclerosis Risk in Communities (ARIC) Study 
Population. The ARIC study is a prospective population-based study of atherosclerosis and 
clinical atherosclerotic diseases in 15,792 men and women, including 11,478 non-Hispanic 
white participants, drawn from 4 U.S. communities (Suburban Minneapolis, Minnesota; 
Washington County, Maryland; Forsyth County, North Carolina, and Jackson, Mississippi).2  In 
the first three communities, the sample reflects the demographic composition of the community.  
In Jackson, only black residents were enrolled. Ancestry was self-reported during an interview.  
Participants were handed a card and asked to tell the interviewer which best described his or 
her race.  Choices offered were: White, Black, American Indian/ Alaskan Native, Asian/Pacific 
Islander, Other: specify.  Over 99% identified as either white or black. Only self-identified blacks 
were included in this study.  Participants were between age 45 and 64 years at their baseline 
examination in 1987-1989 when blood was drawn for DNA extraction and participants 
consented to genetic testing.2   Only individuals free of stroke or TIA at baseline were included 
in the analysis.  

Genotyping. Single-nucleotide polymorphisms (SNPs) were genotyped on the Affymetrix 6.0 
chip and were imputed to ≈2.5 million SNPs based on a panel of cosmopolitan reference 
haplotypes from HapMap CEU and YRI (HapMap II CEU and YRI (build 35, release 21)). MACH 
v1.0.16 was used to perform genotype imputations and allele dosage information was 
summarized in the imputation results. SNPs were excluded if they had no chromosomal 
location, were monomorphic, had a call rate<95%, or had a Hardy–Weinberg equilibrium P-
value<10–5. For each SNP, the ratio of the observed versus expected variance of the dosage 
served as the measure of imputation quality. SNPs with MAF<1% and imputation quality <0.3 
were filtered out prior to meta-analysis.  Individuals with and without genotype data did not 
significantly differ with regards to baseline CVD risk factors (not shown).  We excluded 
individuals with a sex mismatch, those who were discordant for more than 5% of genotypes 
among 47 previously genotyped overlapping SNPs, persons who were 1st degree relatives, 
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those who were outliers based on average identity by state or based on Eigenstrat clustering, or 
persons who had an incident subarachnoid hemorrhage.  

Stroke Ascertainment. Hospitalized strokes that occurred by December 31, 2007 were included 
in the present study. During annual telephone contacts, trained interviewers asked each ARIC 
participant to list all hospitalizations during the past year. Hospital records for any 
hospitalizations identified were then obtained. In addition, all local hospitals annually provided 
lists of stroke discharges (International Classification of Diseases, Ninth Revision, Clinical 
Modification codes 430 to 438), which were scrutinized for ARIC participant discharges. Details 
on quality assurance for ascertainment and classification of stroke are described elsewhere.3  
Briefly, the stroke diagnosis was assigned according to criteria adapted from the National 
Survey of Stroke.4  Strokes secondary to trauma, neoplasm, hematologic abnormality, infection, 
or vasculitis were excluded, and a focal deficit lasting <24 hours was not considered to be a 
stroke. Out-of-hospital stroke was not ascertained and validated; thus, these potential stroke 
events were not included. Strokes were classified into hemorrhagic stroke (subarachnoid and 
intracerebral hemorrhage) and ischemic stroke (thrombotic and embolic brain infarction).  A 
stroke was classified as ischemic when a brain CT or MRI revealed acute infarction and showed 
no evidence of hemorrhage. All definite ischemic strokes were further classified as lacunar, 
nonlacunar thrombotic, or cardioembolic on the basis of the recorded neuroimaging results. For 
this analysis, the hemorrhagic strokes identified by ARIC were censored at the time of their 
occurrence. 

Cardiovascular Health Study (CHS) 
Population. CHS is a population-based cohort study of risk factors for coronary heart disease 
(CHD) and stroke in adults ≥ 65 years conducted across four field centers in the United States.5  
The original predominantly white cohort of 5,201 persons (4,964 whites) was recruited in 1989-
1990 from a random sample of people on Medicare eligibility lists, and an additional 687 blacks 
were enrolled subsequently in 1992-93 for a total sample of 5,888.  Race/ethnicity was 
determined by self-identification at interview.  
Only self-identified blacks were included in these analyses.  DNA was extracted from blood 
samples drawn on all participants who consented to genetic testing at their baseline 
examination.    

Genotyping. In 2007-2008, genotyping was performed at the General Clinical Research 
Center's Phenotyping/Genotyping Laboratory at Cedars-Sinai using the Illumina 370CNV 
Duo®BeadChip system on participants who were free of CVD at baseline.  Persons were also 
excluded for a subject-specific genotyping call rate ≤95%. 

Stroke Ascertainment.  Participants were examined annually from enrollment to 1999, and since 
then continue to be under surveillance for stroke.6, 7  Since baseline, participants have also been 
contacted twice a year to identify potential cardiovascular events, including stroke. In addition, 
all hospitalizations were screened for potential stroke events.  For suspected events, 
information was collected from the participant or next of kin, from medical records, and if 
needed, from the participant's physician. When available, CT scans, MRI scans and reports 
were reviewed centrally. At a consensus conference using all available information, vascular 
neurologists adjudicated all events and reached a final decision about the occurrence of stroke, 
stroke types and subtypes. 

Genetics of Early Onset Stroke (GEOS) 
Population. GEOS is a population-based case-control study designed to identify genes 
associated with early-onset ischemic stroke and to characterize interactions of identified stroke 
genes and/or SNPs with environmental risk factors.8-10  Participants were recruited from the 
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greater Baltimore-Washington area in 4 different time periods:  Stroke Prevention in Young 
Women-1 (SPYW-1) conducted from 1992-1996, Stroke Prevention in Young Women-2 
(SPYW-2) conducted from 2001-2003, Stroke Prevention in Young Men (SPYM) conducted 
from 2003-2007, and Stroke Prevention in Young Adults (SPYA) conducted in 2008.   

Stroke Ascertainment. Case participants were hospitalized with a first cerebral infarction 
identified by discharge surveillance from one of the 59 hospitals in the greater Baltimore- 
Washington area and direct referral from regional neurologists. The abstracted hospital records 
of cases were reviewed and adjudicated for ischemic stroke subtype by a pair of neurologists 
according to previously published procedures with disagreements resolved by a third 
neurologist. The ischemic stroke subtype classification system retains information on all 
probable and possible causes, and is reducible to the more widely used TOAST system that 
assigns each case to a single category.   Control participants without a history of stroke were 
identified by random-digit dialing and were balanced to cases by age and region of residence in 
each recruitment periods.   

Genotyping. Genomic DNA was isolated from a variety of sample types, including cell line, 
whole blood, mouth wash and buccal swab.  Samples were genotyped at the Johns Hopkins 
Center for Inherited Disease Research (CIDR) using the Illumina HumanOmni1-Quad_v1-0_B 
BeadChip (Illumina, San Diego, CA, USA). Assistance with data cleaning was provided by the 
GENEVA Coordinating Center (U01-HG-004446; PI Bruce S Weir).  Individuals were excluded if 
they were unexpected duplicates, gender discrepancy and unexpected relatedness.   

The Healthy Aging in Neighborhoods of Diversity across the Life Span Study (HANDLS)  
In the absence of non-stroke control samples from the VISP, ISGS, and SWISS studies, 
controls from the Healthy Aging in Neighborhoods of Diversity across the Life Span study 
(HANDLS) study were used for the VISP and SWISS-ISGS case-control analyses (with no 
overlap across studies).  Controls were sex and race/ethnicity-matched and randomly selected 
from all HANDLS participants not reporting history of stroke at baseline or reporting adjudicated 
stroke during follow-up. 

Population. HANDLS is an interdisciplinary, community-based, prospective longitudinal 
epidemiologic study examining the influences of race and socioeconomic status (SES) on the 
development of age-related health disparities among socioeconomically diverse African 
Americans and whites in Baltimore, MD, USA.  This study assesses physical parameters over a 
20-year period while evaluating genetic, biologic, demographic, and psychosocial influences.  
HANDLS recruited 3,722 participants (2200 African Americans (59%) and 1522 whites (41%)) 
from Baltimore, MD.   

Stroke Ascertainment.  Stroke status at baseline was determined through self-report while 
incident strokes, other vascular events, and deaths were determined using medical records and 
clinic visits during follow-up.  

Genotyping. Genotyping was focused on a subset of participants self-reporting as African 
American and was performed at the Laboratory of Neurogenetics, National Institute on Aging, 
National Institutes of Health.  Genotype data (for up to 907,763 SNPs) were generated for 1,024 
participants using either Illumina 1M and 1M duo arrays (n=709) ,or a combination of 550K, 
370K, 510S and 240S to equate the million SNP level of coverage. Inclusion criteria for genetic 
data in HANDLS includes concordance between self-reported sex and sex estimated from X 
chromosome heterogeneity, > 95% call rate per participant (across all equivalent arrays), 
concordance between self-reported African ancestry and ancestry confirmed by analyses of 
genotyped SNPs, and no cryptic relatedness to any other samples at a level of proportional 
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sharing of genotypes > 15% (effectively excluding 1st cousins and closer relatives from the set of 
probands used in analyses).  In addition, SNPs included in the analysis were filtered for HWE p-
value > 1e-7, missing by haplotype p-values > 1e-7, minor allele frequency > 0.01, and call rate 
> 95%.  Data analyses utilized the high-performance computational capabilities of the Biowulf 
Linux cluster at the NIH, Bethesda, Md. (http://biowulf.nih.gov). 

Dynamics of Health, Aging and Body Composition Study (Health ABC)  
Population.  The Dynamics of Health, Aging and Body Composition Study (Health ABC) enrolled 
a total of 3075 well-functioning men and women aged 70-79 between April 1997-June 1998.11  
This analysis includes African American individuals with available DNA from the baseline 
examination.   

Stroke Ascertainment. Participants were questioned about any hospitalizations for stroke every 
6 months. When an event was reported, hospital records were collected and verified by a Health 
ABC Disease Adjudicator at each site. Date and causes of death were taken from the death 
certificate. Follow-up time was defined as the time from the baseline visit until the first event 
date (for those who had an event) or was censored at the last contact date (for those who did 
not have any event or were lost to follow-up) or the day of death (for those who died of non-
cardiovascular causes). 

Genotyping. DNA samples were genotyped using the Illumina 1M array.  Samples were 
excluded from the dataset for the reasons of sample failure, genotypic sex mismatch, and first-
degree relative of an included individual based on genotype data, low call rate <97% or HWE p-
value <10-6. 

 

Ischemic Stroke Genetic Study (ISGS) 
Population. ISGS is a multicenter inception cohort study.12  Cases were recruited from inpatient 
stroke services at five United States academic medical centers.   

Stroke Ascertainment. Cases are adult men and women over the age of 18 years diagnosed 
with first-ever ischemic stroke confirmed by a study neurologist on the basis of history, physical 
examination and CT or MR imaging of the brain.  Cases had to be enrolled within 30 days of 
onset of stroke symptoms.  Cases were excluded if they had: a mechanical aortic or mitral valve 
at the time of the index ischemic stroke, central nervous system vasculitis, or bacterial 
endocarditis. They were also excluded if they were known to have: cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), Fabry 
disease, homocystinuria, mitochondrial encephalopathy with lactic acidosis and stroke-like 
episodes (MELAS), or sickle cell anemia.  Diagnostic evaluation included: head CT (95%) or 
MRI (83%), electrocardiography (92%), cervical arterial imaging (86%), and echocardiography 
(74%).  Medical records from all cases were centrally reviewed by a vascular neurology 
committee and assigned ischemic stroke subtype diagnoses according to TOAST criteria,13  the 
Oxfordshire Community Stroke Project14, and the Baltimore-Washington Young Stroke Study15.  
DNA was donated to the NINDS DNA Repository (Coriell Institute, Camden, NJ) for eligible 
samples with appropriate written informed consent. 

Genotyping. DNA samples were genotyped using the Illumina 610 array and data analyses 
were supported by the high-performance computational capabilities of the Biowulf Linux cluster 
at the NIH (http://biowulf.nih.gov).   
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Siblings with Ischemic Stroke Study (SWISS) 
Population. SWISS is a prospective multicenter affected sibling pair study of first-ever or 
recurrent ischemic stroke.16  Subjects were recruited from 54 enrolling hospitals across the US 
and Canada. Samples were collected between 1999-2011.  Ischemic stroke probands were 
enrolled at 66 US medical centers and 4 Canadian medical centers.   

Stroke Ascertainment.  All recruits were extensively clinically phenotyped and have imaging-
confirmed ischemic stroke using either CT or MRI brain scans.  Probands are adult men and 
women over the age of 18 years diagnosed with ischemic stroke confirmed by a study 
neurologist on the basis of history, physical examination and CT or MR imaging of the brain who 
also have a history of at least one living sibling with a history of stroke.  Probands were 
excluded if 1) they had a mechanical aortic or mitral valve at the time of the index ischemic 
stroke, central nervous system vasculitis, or bacterial endocarditis or 2) were known to have 
cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy 
(CADASIL), Fabry disease, homocystinuria, mitochondrial encephalopathy with lactic acidosis 
and stroke-like episodes (MELAS), or sickle cell anemia.  Siblings were enrolled using proband-
initiated contact17 or direct contact when permitted by Institutional Review Boards. Concordant 
siblings had their diagnosis of ischemic stroke confirmed by review of medical records by a 
central vascular neurology committee.  Concordant siblings had the same eligibility criteria as 
probands.  Subtype diagnoses were assigned to the index strokes of probands and concordant 
siblings according to TOAST criteria.  Discordant siblings of the proband were confirmed to be 
stroke-free using the Questionnaire for Verifying Stroke-free Status.18  

Genotyping. DNA samples were genotyped using the Illumina 660 array and data analyses 
were supported by the high-performance computational capabilities of the Biowulf Linux cluster 
at the NIH (http://biowulf.nih.gov).   

 

The Vitamin Intervention for Stroke Prevention (VISP) Study 
Population. VISP is a multi-center, double-blind, randomized, controlled clinical trial that enrolled 
patients aged 35 or older with homocysteine levels above the 25th percentile at screening and a 
non-disabling cerebral infarction (NDCI) within 120 days of randomization.19,20  The trial was 
designed to determine if daily intake of a multivitamin tablet with high dose folic acid, vitamin B6 
and vitamin B12 reduced recurrent cerebral infarction (1° endpoint), and nonfatal myocardial 
infarction (MI) or mortality (2° endpoints).  Subjects were randomly assigned to receive daily 
doses of the high-dose formulation (n=1,827), containing 25mg pyridoxine (B6), 0.4mg 
cobalamin (B12), and 2.5mg folic acid; or the low-dose formulation (n=1,853), containing 200μg 
pyridoxine, 6μg cobalamin and 20μg folic acid.  Enrollment in VISP began in August 1997, and 
was completed in December 2001, with 3,680 participants enrolled, from 55 clinic sites across 
the US and Canada and one site in Scotland.  A subset of VISP participants gave consent and 
were included in the GWAS component of VISP, supported by the National Human Genome 
Research Institute (NHGRI), Grant U01 HG005160, as part of the Genomics and Randomized 
Trials Network (GARNET) 

Stroke Ascertainment. NDCI was defined as an ischemic brain infarction not due to embolism 
from a cardiac source, characterized by the sudden onset of a neurological deficit.  The deficit 
must have persisted for at least 24 hours, or if not, an infarction in the part of the brain 
corresponding to the symptoms must have been demonstrated by CT or MRI imaging.  

Genotyping. Samples were genotyped at the Center for Inherited Disease Research using the 
Illumina HumanOmni1-Quad_v1-0_B BeadChip (Illumina, San Diego, CA, USA).  
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Women’s Health Initiative (WHI) 
Population. The goal of the WHI is to investigate the etiology and prevention of chronic disease 
in post-menopausal women.21  WHI recruited approximately 161, 0000 postmenopausal women 
50–79 years of age from 40 clinical centers in the US between 1993 and 1998.  WHI consists of 
an observational study (OS), and clinical trials (CT) of postmenopausal hormone therapy 
(estrogen alone or estrogen plus progestin), a calcium and vitamin D supplement trial, and a 
dietary modification trial.  A subset of 8,515 AA women who provided consent for DNA analysis 
were randomly selected for genome-wide genotyping as part of the SNP Health Association 
Resource (SHARe) project.22  Study protocols and consent forms were approved by the 
institutional review boards for all participating institutions. 

Stroke Ascertainment.  All incident strokes, other vascular events, and deaths were identified 
through self-report at annual (OS) and semi-annual (CT) participant contacts, and through third-
party reports by family members and proxies.  Medical records were obtained for potential 
strokes, and adjudication was performed by trained physician adjudicators who assigned a 
diagnosis.  Stroke diagnosis requiring and/or occurring during hospitalization was based on 
rapid onset of a neurological deficit attributable to an obstruction or rupture of an arterial vessel 
system.  The deficit was not known to be secondary to brain trauma, tumor, infection or other 
cause and must have lasted more than 24 hours unless death supervened or a lesion 
compatible with acute stroke was evident on computed tomography or magnetic resonance 
imaging scan.23  Strokes were classified as ischemic, hemorrhagic or unknown/missing.  
Ischemic stroke subtypes were further classified using Trial of Org 10172 in Acute Stroke 
Treatment (TOAST) criteria. 13  For analyses, strokes subtypes judged as ‘probable’ or ‘possible’ 
were combined.  

Genotyping. Genetic data were obtained from genome-wide scans using the Genome-wide 
Human SNP Array 6.0 (Affymetrix, Santa Clara, CA,  www.affymetrix.com) of 909,622 single 
nucleotide polymorphisms (SNPs).  Genotyping quality control included examination of 
concordance rates for blinded and un-blinded duplicates.  Approximately 1% of SNPs failed 
genotyping and SNPs with call rates < 95% or concordance rates <98%, or minor allele 
frequency <1% were excluded.  In addition to the genotyping, SNPs were imputed using MACH 
software24 and the HapMapII CEU+YRI as reference populations.  Out of 2,203,609 imputed 
SNPs, 2,192,719 SNPs had Rsq>0.3, the recommended cutoff for HapMap-based imputation, 
and were included in these analyses.  Genotyping failed in 99 samples.  Additional participants 
were excluded based on low call rates <95%, and sex or race/ethnicity discrepancy.  First or 
second degree relatedness was assessed as described in Thornton and McPeek.25  For the 
related individuals, the first or second degree relative with the highest call rate was retained in 
analyses and other family members were excluded.  A principal-component (PC) analysis of all 
samples was performed using EIGENSTRAT26.  The first 10 PCs were calculated for each 
individual and evaluated for their contribution to ancestral variation.  Because most of the 
ancestral variation was explained by the first 4 PCs, only these were included as covariates in 
the analyses. We calculated lambda (λ), an indicator of over-dispersion due to potential 
population stratification by dividing the mean of the test statistics by the mean of the expected 
values from a Chi-squared distribution with 1 degree of freedom.  Using λ, we investigated 
correction of p-values using genomic control to account for potential residual confounding by 
genetic ancestry.27, 28 

AA women passing the above genotyping quality control criteria, with follow-up data, and 
without a history of stroke at baseline are included in these analyses.   
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METASTROKE Replication Cohort  
To determine if stroke genetic variants identified in the COMPASS study would replicate in 
populations of European ancestry, we utilized the discovery sample population from the 
METASTROKE consortium.29  The METASTROKE population consists of 15 cohorts with 
ischemic stroke cases and controls of European ancestry from Europe, North America, and 
Australia. Each case-control population was genotyped using either Affymetrix (Santa Clara, 
CA, USA) or Illumina (San Diego, CA, USA) GWAS SNP arrays.  Genotyped data were imputed 
using the HapMap II reference populations.  Logistic regression tests of association were 
performed for each individual case-control population, followed a meta-analysis using a fixed-
effects inverse-variance weighted model as implemented in METAL.30 
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Supplemental Table I:  Description of COMPASS discovery cohorts 

 Cohort Studies Case-Control Studies 
 ARIC CHS HABC WHI GEOS ISGS SWISS HANDLS VISP HANDLS 

Characteristic     Cases Controls Cases Cases Controls* Cases Controls* 
Total N 2741 766 1139 7944 381 352 152 44 389 256 582 

Female, N(%) 
1757 
(64%) 

489 
(64%) 

651 
(57%) 

7944 
(100%) 

174 
(46%) 

156 
(44%) 

77 
(51%) 

22 
(50%) 

223 
(57%) 

116 
(45.3%) 317 (55%) 

Age in years, mean ± 
SD 53± 6 73±6 73±3 62±7 42±7 40±7 56±13 59±10 48 ± 9 63 ± 11 49 ± 9 
BMI in kg/m2, mean ± 
SD 30± 6 29±6 29±5 31± 6 32±8 29±7 N/A N/A 30±9 30±7 30±8 
Type 2 Diabetes, N 
(%) 

444 
(17%) 

175 
(24%) 

291 
(30%) 

943 
(12%) 

87 
(23%) 

29 
(8%) 

48 
(32%) 

20 
(45%) 

66 
(17%) 

97 
(38%) 

115 
(20%) 

Hypertension, N (%) 
1514 
(55%) 

554 
(73%) 

871 
(77%) 

4269 
(54%) 

215 
(56%) 

90 
(26%) 

126 
(83%) 

33 
(75%) 

207 
(54%) 

221 
(86%) 

295 
(52%) 

History of TIA, N (%) 0 
11 
(1%) N/A 

128 
(2%) N/A N/A 

21 
(14%) N/A 

13 
(4%)  

20 
(4%) 

Lipid-lowering 
Medication Use, N (%) 

33 
(1%) 

50 
(7%) 

129 
(11%) 

683 
(9%) N/A N/A N/A N/A 

44 
(12%) 

86 
(34%) 

77 
(14%) 

Recruitment Year(s) 1987-89 
1989-90; 
1992-3 

1997-
98 1993-98 

1992-
2008 

1992-
2007 2002-08 

1999-
2011 

2004-
present 

Aug 1997- 
Dec 2001 

2004-
present 

Cohort Studies            
Stroke Ascertainment 
(through year) 2007 2010 2008 2009        
Incident Ischemic 
Stroke Events, N 229 104 N/A 199        
Median Follow-up 
Time in years 10.3 11.6 N/A 11.9        
Total Stroke Events, N 265 124 128 242        
Median Follow-up 
Time in years 9.9 11.6 10.6 11.9        

*Samples from the HANDLS study were used as controls for the VISP and SWISS-ISGS case-control analyses (with no overlap 
across studies). 
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Supplemental Table II: SNPs nominally associated with ischemic or total stroke in the COMPASS discovery sample 

SNP Locus Annotation Alleles* 
CAF 
(AA) 

CAF 
(CEU) 

Stroke 
Type Beta† (SE) P-value 

rs1937787 1p31.1 intergenic (ELTD1) T/C 0.84 0.67 total -0.27 (0.05) 7.33x10-7 
rs11681884 2q13 intergenic (IL1RN, IL1F10, IL36RN) T/C 0.43 0.11 total -0.24 (0.05) 6.13x10-7 
rs704341 3p14.2 PTPRG (intron) A/G 0.07 0.14 total 0.55 (0.11) 5.53x10-7 
      ischemic 0.62 (0.12) 7.11x10-7 
rs4867766 5q35 intergenic (MSX2, NKX2-5) A/G 0.08 0.21 total 0.41 (0.08) 5.22x10-7 
rs7705819 5q35 intergenic (SUMO2P6, GAPDHP71) T/C 0.64 0.75 total 0.23 (0.05) 9.47x10-7 
rs11572061 6p21.1 CDC5L (UTR3) A/G 0.97 1.00 ischemic -0.59 (0.12) 9.99x10-7 
rs9345396 6q16.1 intergenic (near TSG1) T/C 0.01 0.01 total 1.75 (0.33) 1.03x10-7 
rs17347800 7p21 HDAC9 (intron) A/G 0.04 0.09 total 0.51 (0.10) 3.59x10-7 
rs768606 10p14 intergenic (near LOC100507163) A/T 0.07 0.01 total 0.48 (0.09) 1.36x10-7 
rs17771318 10q11.2 WDFY4 (intron)  A/G 0.01 0.04 total 1.46 (0.27) 8.94x10-8 
rs2084637 11q24 intergenic (TRNAK27, GLULP3, 

UBASH3B) 
T/C 0.89 0.64 total -0.32 (0.07) 9.12x10-7 

rs248812 12q23 intergenic (RNU6-36, MIR135A2) A/C 0.83 0.76 total -0.26 (0.05) 9.15x10-7 
rs1564060 14q31 intergenic A/G 0.43 0.26 total -0.24 (0.05) 2.67x10-7 
rs10400694 14q31 intergenic (near FLRT2) C/G 0.52 0.75 ischemic 0.24 (0.05) 8.96x10-7 
rs7156510 14q31 intergenic T/G 0.47 0.74 total 0.21 (0.04) 9.82x10-7 
rs4471613 15q21.3 intergenic (near ALDH1A2, AQP9, 

LIPC) 
A/G 0.02 0.03 total 0.82 (0.15) 3.94x10-8 

     0.03 ischemic 0.90 (0.18) 4.62x10-7 
rs2822388 21q11.2 intergenic (near LIP1, ABCC13) A/G 0.98 0.95 total -0.86 (0.17) 4.96x10-7 
rs7283054 21q22.1 intergenic (CLDN17) C/G 0.02 0.01 total 0.99 (0.20) 9.75x10-7 
rs5752326 22q12.1 HPS4 (intron) T/C 0.79 0.95 ischemic -0.31 (0.06) 8.84x10-7 
CAF=coded allele frequency; AA=African Americans from COMPASS; CEU=HapMap II CEU population; SE=standard error 

*coded allele/non-coded allele 

†effect of each additional allele on risk of stroke (meta-analysis result) 
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Supplemental Table III: SNPs nominally associated with stroke in the COMPASS cohort studies  

SNP Locus Annotation Alleles* CAF  Stroke Type HR† (95%CI) P-value 
rs704341 3p14.2 PTPRG (intron) A/G 0.07 total 1.73 (1.40 - 2.14) 5.53E-07 
     isc 1.85 (1.45 - 2.36) 7.11E-07 
rs781542 4q12 SPINK2 (intron) A/G 0.32 total 1.35 (1.20 - 1.53) 9.64E-07 
rs6880837 5q31.2 TGFBI (intron) T/C 0.28 total 1.33 (1.19 - 1.48) 3.88E-07 
rs13168506 5q31.2 TGFBI (intron) A/G 0.27 total 1.33 (1.19 - 1.49) 3.44E-07 
rs9345396 6q16.1 3kb 3' of TSG1  T/C 0.01 total 5.78 (3.03 - 11.02) 1.03E-07 
rs17145593 10p14 Intergenic (1.2Mb 3' of 

GATA3) 
A/C 0.07 total 1.60 (1.34 - 1.92) 2.62E-07 

rs768606 10p14 Intergenic (1.2Mb 3' of 
GATA3) 

A/T 0.07 total 1.62 (1.35 - 1.94) 1.36E-07 

rs17771318 10q11.22 WDFY4 (intron) A/G 0.01 total 4.29 (2.52 - 7.32) 8.94E-08 
rs12291066 11p15.3 MICAL2 (intron) A/G 0.11 total 1.45 (1.25 - 1.69) 8.23E-07 
rs4471613 15q21.3 Intergenic (near ALDH1A2, 

AQP9, LIPC) 
A/G 0.02 total 2.26 (1.69 - 3.03) 3.94E-08 

    0.02 isc 2.47 (1.74 - 3.50) 4.62E-07 
rs12438353 15q25.3 AGBL1 (intron) T/C 0.50 isc 1.39 (1.23 - 1.57) 2.28E-07 
rs9899375 17p13.1 CHD3 (intron) T/C 0.03 isc 3.30 (2.21 - 4.93) 5.23E-09 
     total 2.57 (1.86 - 3.55) 1.20E-08 
rs2822388 21q11.2 55kb 5' of C21orf81 A/G 0.98 total 0.42 (0.30 - 0.59) 4.96E-07 
rs7283054 21q21.3 19kb 3' of CLDN17 C/G 0.02 total 2.69 (1.81 - 4.00) 9.75E-07 

CAF=coded allele frequency; 95%CI=95% confidence interval.  Bolded SNPs are significant at GWAS discovery p<5e-8. 

*coded allele/non-coded allele 

† meta-analysis result of Cox proportional hazards models from cohort studies only, reflects the hazard of stroke for each coded 
allele 
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Supplementary Table IV: COMPASS replication of ischemic stroke SNPs reported in 
European-ancestry populations 

Index SNP 
(annotation) 

COMPASS 
SNP 

LD (r2) with 
Index SNP* 

Allele/ 
AF† 

Effect Size  
± SE P-value N 

rs13407662 rs2111856 0.83 T/0.08 0.15 ± 0.10 0.1410 12,183 
(2p16/intergenic) rs7594063 1.00 A/0.93 -0.07 ± 0.12 0.5551‡ 11,450 
 rs13421162 1.00 T/0.94 -0.06 ± 0.13 0.6394 11,450 
rs1906599 rs2634073 0.85 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.85 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.97 T/0.48 0.1 ± 0.05 0.0520 13,582 
 rs2466455 1.00 T/0.60 -0.12 ± 0.06 0.0618‡ 11,450 
 rs4611994 0.55 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 0.55 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs2200733 0.55 T/0.23 0.08 ± 0.06 0.1950 13,561 
 rs6843082 0.99 A/0.70 -0.07 ± 0.05 0.2227 13,571 
 rs2634074 1.00 A/0.52 -0.07 ± 0.06 0.2792‡ 11,450 
 rs3853440 0.52 A/0.19 0.08 ± 0.08 0.2868‡ 11,450 
 rs2129983 1.00 A/0.56 -0.06 ± 0.06 0.3830‡ 11,450 
 rs2129982 0.99 A/0.71 -0.04 ± 0.05 0.3983 13,580 
 rs12644625 0.54 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs17042121 0.52 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs17042144 0.52 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs4032976 0.52 T/0.07 0.05 ± 0.13 0.6902‡ 11,450 
 rs13143308 1.00 T/0.30 0.02 ± 0.06 0.7033 12,183 
 rs1906616 1.00 A/0.69 -0.03 ± 0.07 0.7047 11,450 
 rs2220427 0.55 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.52 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs10516563 0.53 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs1906615 1.00 T/0.29 0.01 ± 0.07 0.9397 11,450 
 rs12646447 0.55 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs2200733 rs2634073 0.55 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.56 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.51 T/0.48 0.10 ± 0.05 0.0520 13,582 
 rs1906599 0.55 T/0.43 0.08 ± 0.05 0.1041 13,582 
 rs10019689 1.00 A/0.27 0.09 ± 0.06 0.1250 12,183 
 rs4611994 1.00 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 1.00 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs6533527 1.00 A/0.15 0.09 ± 0.07 0.2073 12,183 
 rs1906617 1.00 A/0.85 -0.11 ± 0.09 0.2212 11,450 
 rs6843082 0.55 A/0.70 -0.07 ± 0.05 0.2227 13,571 
 rs11930528 0.78 T/0.27 0.05 ± 0.06 0.3278 13,578 
 rs17042076 1.00 T/0.73 -0.06 ± 0.07 0.3590 11,450 
 rs2129982 0.54 A/0.71 -0.04 ± 0.05 0.3983 13,580 
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 rs12644625 0.98 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs2200732 0.91 T/0.76 -0.05 ± 0.07 0.4585 11,450 
 rs6817105 1.00 T/0.76 -0.05 ± 0.07 0.4753 11,450 
 rs1906593 1.00 T/0.24 0.05 ± 0.07 0.4804 11,450 
 rs4540107 1.00 A/0.24 0.05 ± 0.07 0.4841 11,450 
 rs17042121 0.96 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs2350269 1.00 T/0.13 0.06 ± 0.10 0.5009 11,450 
 rs4626276 0.80 A/0.89 -0.05 ± 0.08 0.5498 13,583 
 rs1906596 1.00 T/0.75 -0.04 ± 0.07 0.5938 11,450 
 rs17042088 0.79 T/0.11 0.04 ± 0.08 0.5980 13,583 
 rs1906592 1.00 T/0.77 -0.03 ± 0.07 0.6560 11,450 
 rs17042144 0.96 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs12647316 0.79 T/0.14 0.03 ± 0.07 0.6967 13,583 
 rs2129981 1.00 T/0.11 -0.04 ± 0.10 0.7168 11,450 
 rs12639654 1.00 T/0.04 0.06 ± 0.17 0.7247 11,450 
 rs17042059 1.00 A/0.13 0.02 ± 0.08 0.7601 12,183 
 rs2220427 1.00 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.96 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs1906591 1.00 A/0.11 -0.02 ± 0.10 0.8104 11,450 
 rs4543199 1.00 T/0.87 -0.02 ± 0.09 0.8233 11,450 
 rs10516563 0.96 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs11098089 1.00 A/0.88 -0.02 ± 0.10 0.8504 11,450 
 rs17042026 0.52 A/0.15 -0.02 ± 0.09 0.8541 11,450 
 rs4529121 1.00 A/0.11 0.01 ± 0.10 0.9042 11,450 
 rs12646754 1.00 T/0.13 -0.01 ± 0.11 0.9116 11,450 
 rs17042098 1.00 A/0.12 0.01 ± 0.10 0.9190 11,450 
 rs12646447 1.00 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs6843082 rs2634073 0.84 T/0.41 0.12 ± 0.05 0.0136 13,578 
(4q25/PITX2) rs2634071 0.84 T/0.41 0.12 ± 0.05 0.0158 13,561 
 rs2723334 0.96 T/0.48 0.1 ± 0.05 0.0520 13,582 
 rs2466455 1.00 T/0.60 -0.12 ± 0.06 0.0618 11,450 
 rs1906599 0.99 T/0.43 0.08 ± 0.05 0.1041 13,582 
 rs4611994 0.55 T/0.76 -0.08 ± 0.06 0.1383 13,580 
 rs17042171 0.55 A/0.24 0.08 ± 0.06 0.1464 13,574 
 rs2200733 0.55 T/0.23 0.08 ± 0.06 0.1950 13,561 
 rs2634074 1.00 A/0.52 -0.07 ± 0.06 0.2792 11,450 
 rs2129983 1.00 A/0.56 -0.06 ± 0.06 0.3830 11,450 
 rs2129982 1.00 A/0.71 -0.04 ± 0.05 0.3983 13,580 
 rs12644625 0.53 T/0.11 0.08 ± 0.09 0.4002 10,806 
 rs17042121 0.53 A/0.83 -0.05 ± 0.07 0.4942 13,582 
 rs17042144 0.53 T/0.89 -0.03 ± 0.08 0.6682 13,577 
 rs13143308 1.00 T/0.30 0.02 ± 0.06 0.7033 12,183 
 rs1906616 1.00 A/0.69 -0.03 ± 0.07 0.7047 11,450 
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 rs2220427 0.54 T/0.11 0.02 ± 0.08 0.7971 13,579 
 rs4605724 0.52 A/0.11 0.02 ± 0.08 0.8085 13,582 
 rs10516563 0.52 T/0.84 -0.02 ± 0.07 0.8252 12,178 
 rs1906615 1.00 T/0.29 0.01 ± 0.07 0.9397 11,450 
 rs12646447 0.54 T/0.89 -0.002 ± 0.08 0.9765 13,542 
rs556621 rs658726 0.74 T/0.67 0.13 ± 0.07 0.0624 11,450 
(6p21.1/intergenic) rs1767789 0.66 T/0.64 0.07 ± 0.05 0.1630 13,575 
 rs646977 0.53 T/0.91 0.15 ± 0.12 0.2262 11,450 
 rs504615 0.89 A/0.88 0.12 ± 0.11 0.2658 11,450 
 rs1767788 0.89 T/0.88 0.12 ± 0.11 0.2689 11,450 
 rs13202385 0.68 A/0.18 0.06 ± 0.06 0.3551 13,579 
 rs1680900 0.89 A/0.10 -0.10 ± 0.11 0.3849 11,450 
 rs12526438 0.68 A/0.18 0.05 ± 0.06 0.4002 13,579 
 rs497177 0.84 T/0.10 -0.08 ± 0.10 0.4013 12,183 
 rs9381341 0.88 C/0.81 -0.05 ± 0.08 0.5315‡ 11,450 
 rs4714797 0.88 C/0.82 -0.05 ± 0.08 0.5390 11,450 
 rs9395035 0.88 A/0.82 -0.05 ± 0.08 0.5398 11,450 
 rs9472313 0.96 A/0.10 -0.05 ± 0.11 0.6296 11,450 
 rs4714796 0.88 C/0.15 -0.04 ± 0.09 0.6734‡ 11,450 
 rs632728 0.85 T/0.10 -0.03 ± 0.09 0.7257 13,581 
 rs900403 0.65 A/0.33 -0.01 ± 0.05 0.8244 13,555 
 rs4714801 0.91 A/0.91 0.01 ± 0.09 0.8927 13,574 
 rs556512 1.00 A/0.23 0.003 ± 0.06 0.9607 13,569 
rs11984041 rs2526619 0.81 A/0.59 -0.08 ± 0.05 0.0935 13,542 
(7p21.1/HDAC9) rs10241964 0.69 A/0.22 0.10 ± 0.07 0.1549 11,450 
 rs10245779 0.85 C/0.23 0.08 ± 0.06 0.1573 13,554 
 rs10255384 0.82 A/0.22 0.11 ± 0.08 0.1613 2,898 
 rs2107595 0.52 A/0.21 0.09 ± 0.06 0.1701 12,183 
 rs7783974 0.71 T/0.20 0.09 ± 0.08 0.2136 11,450 
 rs2023937 0.84 A/0.78 -0.09 ± 0.08 0.2350 11,450 
 rs7784712 0.85 T/0.16 0.08 ± 0.07 0.2457 13,579 
 rs2023938 0.92 T/0.78 -0.07 ± 0.07 0.2553 12,182 
 rs7792656 0.79 T/0.76 -0.06 ± 0.06 0.2982 12,183 
rs2107595 rs28688791 0.67 T/0.73 -0.12 ± 0.06 0.0486 10,830 
(7p21.1/HDAC9) rs2526619 0.57 A/0.59 -0.08 ± 0.05 0.0935 13,542 
 rs11984041 0.52 T/0.21 0.09 ± 0.06 0.1201 13,582 
 rs2023936 0.69 C/0.67 -0.08 ± 0.05 0.1326 13,579 
 rs10241964 0.60 A/0.22 0.10 ± 0.07 0.1549 11,450 
 rs10245779 0.63 C/0.23 0.08 ± 0.06 0.1573 13,554 
 rs10255384 0.57 A/0.22 0.11 ± 0.08 0.1613 2,898 
 rs7798197 0.69 A/0.68 -0.09 ± 0.07 0.1714 11,450 
 rs7783974 0.61 T/0.20 0.09 ± 0.08 0.2136 11,450 
 rs7788833 0.66 T/0.69 -0.06 ± 0.05 0.2151 13,580 
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 rs7788972 0.75 A/0.30 0.08 ± 0.07 0.2266 11,450 
 rs2023937 0.53 A/0.78 -0.09 ± 0.08 0.2350 11,450 
 rs7784712 0.61 T/0.16 0.08 ± 0.07 0.2457 13,579 
 rs2023938 0.52 T/0.78 -0.07 ± 0.07 0.2553 12,182 
 rs2074633 0.66 T/0.73 -0.07 ± 0.06 0.2632 12,075 
 rs7792656 0.56 T/0.76 -0.06 ± 0.06 0.2982 12,183 
rs2383207 rs1333040 0.55 T/0.62 0.10 ± 0.05 0.0487 13,582 
(9p21.3/CDKN2A/B) rs6475606 0.85 T/0.88 0.12 ± 0.08 0.1227 13,578 
 rs10116277 0.85 T/0.88 0.12 ± 0.08 0.1238 13,583 
 rs1333047 0.87 A/0.12 -0.14 ± 0.10 0.1518 11,417 
 rs1333049 0.85 C/0.24 0.08 ± 0.06 0.1520 13,580 
 rs4977574 0.91 A/0.81 -0.08 ± 0.06 0.1987 13,569 
 rs10757272 0.89 T/0.23 0.07 ± 0.06 0.2109 13,576 
 rs1333048 0.93 A/0.70 -0.06 ± 0.05 0.2336 13,580 
 rs10738610 0.97 A/0.79 0.09 ± 0.08 0.2379 11,450 
 rs10757278 0.85 A/0.79 0.09 ± 0.08 0.2472 11,450 
 rs10811650 0.60 A/0.79 -0.06 ± 0.06 0.2921 13,581 
 rs2891168 0.91 A/0.79 -0.06 ± 0.06 0.3084 13,579 
 rs1333046 0.97 A/0.26 -0.07 ± 0.07 0.3147 11,450 
 rs944797 1.00 T/0.57 -0.05 ± 0.05 0.3340 13,582 
 rs1537370 0.84 T/0.68 0.05 ± 0.05 0.3782 13,580 
 rs1004638 1.00 A/0.12 0.08 ± 0.10 0.4212 11,450 
 rs1537374 1.00 A/0.12 0.08 ± 0.10 0.4214 11,450 
 rs10733376 1.00 C/0.88 -0.08 ± 0.10 0.4235 11,450 
 rs1333043 0.97 A/0.88 -0.08 ± 0.10 0.4449 11,450 
 rs7341786 0.97 A/0.12 0.08 ± 0.10 0.4487 11,450 
 rs1412834 1.00 T/0.12 0.07 ± 0.10 0.4596 11,450 
 rs7859362 1.00 T/0.12 0.07 ± 0.10 0.4613 11,450 
 rs2184061 0.50 A/0.61 -0.05 ± 0.07 0.4684 11,450 
 rs1333042 0.95 A/0.12 -0.06 ± 0.09 0.5017 12,177 
 rs10738607 0.91 A/0.76 -0.04 ± 0.06 0.5121 13,583 
 rs1537378 0.50 A/0.07 -0.13 ± 0.21 0.5359 2,741 
 rs1333045 0.76 T/0.52 0.04 ± 0.07 0.5427 11,450 
 rs10811647 0.59 C/0.80 0.05 ± 0.08 0.5607 11,450 
 rs4977575 0.87 C/0.12 0.06 ± 0.10 0.5751 11,450 
 rs9632884 0.74 C/0.89 -0.05 ± 0.11 0.6178 11,389 
 rs1537371 0.90 A/0.88 -0.05 ± 0.10 0.6425 11,450 
 rs1537375 0.98 T/0.33 -0.02 ± 0.05 0.6574 13,580 
 rs7859727 0.90 T/0.74 -0.03 ± 0.08 0.6583 11,450 
 rs1556516 0.90 C/0.88 -0.04 ± 0.10 0.6668 11,450 
 rs1537373 0.90 T/0.12 0.04 ± 0.10 0.6792 11,450 
 rs10738609 1.00 A/0.79 0.03 ± 0.07 0.6866 12,182 
 rs2383206 1.00 A/0.57 -0.02 ± 0.06 0.6999 12,183 
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 rs10757269 0.83 A/0.16 -0.02 ± 0.09 0.8379 11,450 
 rs10511701 0.97 T/0.29 0.002 ± 0.07 0.9813 11,450 
rs11833579 
(12p13.33/NINJ2) rs12425791 0.78 A/0.11 0.02 ± 0.07 0.7451 13,582 
rs12425791 
(12p13.33/NINJ2) rs11833579 0.78 A/0.22 -0.03 ± 0.06 0.6419 13,583 
rs879324 rs16971456 0.51 C/0.85 0.13 ± 0.07 0.0482 13,582 
(16q22.3/ZFHX3) rs9302644 0.73 C/0.21 -0.15 ± 0.09 0.0973 11,450 
 rs7192350 0.64 A/0.77 0.08 ± 0.07 0.2543 11,450 
 rs6416747 0.58 T/0.23 -0.08 ± 0.08 0.2589 11,450 
 rs16971481 0.54 A/0.11 -0.08 ± 0.11 0.4465 2,899 
 rs11643592 0.59 A/0.39 0.04 ± 0.06 0.5289 11,450 
 rs7193343 0.71 T/0.24 -0.03 ± 0.06 0.5510 13,578 
 rs719354 0.73 T/0.23 -0.02 ± 0.06 0.6796 13,583 
 rs2106261 0.93 T/0.26 0.02 ± 0.05 0.7164 13,581 
 rs8057081 0.70 T/0.28 -0.01 ± 0.05 0.8873 13,582 
 rs12932445 1.00 T/0.86 -0.004 ± 0.07 0.9537 13,583 
 rs4499262 0.95 A/0.14 0.001 ± 0.09 0.9931 2,899 

AF=Allele frequency; N=number contributing to the analysis; the top SNPs in COMPASS for 
each locus are bolded and presented in the main text in Table 2. 

*Reflects the numbers of SNPs (± 500kB) in moderate LD (r2≥0.50) with the index SNP in 
HapMap CEU, and available in COMPASS 

†Coded allele and coded allele frequency in COMPASS studies contributing to the ischemic 
stroke analysis 

‡Meta-analysis result for this SNP suggests heterogeneity of effect among contributing studies, 
(I2>50%). 
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